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TEACHING WITH A 


FECKER 


15” CASSEGRAIN 





e This telescope, with its 
accessories, provides just 
about everything that can be de- 
sired for use in a program of in- 
struction in astronomy. 

The aperture is optimum for 
visual Junar and planetary ob- 
servation in ordinary climatic 
conditions; and the Cassegrain 
form provides, in a relatively 
small tube length, the long effec- 
tive focal length necessary for a 
reasonable planetary image size. 

The moon can be viewed or 
photographed in great detail. 
The catadioptric guiding tele- 
scope also provides the long 
focal length required for photo- 
graphic exposures of more than 
a few seconds duration. For wide 
angle photography of comets 
and star fields the short focus 
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astrograph is available. 

With the spectroscope, prime 
differences in stars can be 
glimpsed, while a large number 
of investigations can be under- 
taken with a photograph ob- 
tained with the spectrograph 
added to the telescope. 

With the photometer in con- 
junction with the telescope many 
useful studies of stars of varying 
brightness can be undertaken. 

Surely a student who has ac- 
cess to such equipment would 
acquire the “feel” of how it is 
that the astronomer can learn 
such a wealth of facts from the 
thin threads of light that arrive 
on earth from the distant stars. 

The mounting and mechanical 


equipment make for Q® 
and accurate observations. 


This versatile 15-inch Cassegrain telescope was designed 
and built by Fecker for Queens University in Kingston, 
Ontario, Canada. Requirements were for a telescope for 
student instruction, visual use and wide field photography. 
ACCESSORIES: 3-inch astrograph, photometer, spectrograph, 
spectroscope, 6-inch catadioptric guide scope for photo 
work, and lunar and planetary camera. FEATURES: Fork 
mounting, motor driven electric clamps, polar and right as- 
cension circles, sidereal drive and manual slow motions, 

For more information about this scope or other telescopes 
to meet your specific needs, write 


j-w. fecker 


division of AMERICAN OPTICAL CO. 
6592 HAMILTON AVENUE 
PITTSBURGH 6, PENNSYLVANIA 
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LETTERS 
Sir: 


Although Bifrost Observatory here in 
Sweden is my own property, a few ama- 
teurs and I are trying to develop it into 
another Stellafane, that is, an observing 
and meeting place for active amateur 
astronomers and telescope makers. There 
is at present no such place that I know 
of in Scandinavia. 

The observatory is well equipped. 
\mong the instruments already in opera- 
tion, or soon to be, are two 6-inch f/10 
reflectors, one 63-inch f/6 reflector, two 
4-inch refractors, a 4-inch off-axis reflector, 
and a 43-inch Schmidt camera. There is 
also the 135-mm. f/4.5 camera that was 
used in my photographic atlas of the sky 
described on page 479 of the August, 
1957, Sky AND TELESCOPE. 

The main telescope will be a 15-inch 
reflector now under construction. It will 
be used for photography, photoelectric 
photometry, and spectroscopy, at its pri- 
mary, Newtonian, and semi-Cassegrainian 
foci, respectively. 

Our 43-inch Schmidt camera was con- 
structed with hand tools only, and has 
a number of features of interest to ama- 
teurs. It can be equipped with an ob- 
jective prism for taking stellar spectra, 
and its focal surface is flat instead of 
curved, a field-flattening lens of Vaisala’s 
design being mounted just in front of the 
focus. The entire plateholder and lens 
assembly is supported in the center of 
the tube by four pairs of piano wires, 
which offer little obstruction to the pas- 
sage of light and permit easy centering 
of the plate itself. 

In order to defray part of our costs in 
developing a Scandinavian Stellafane, 
Bernth Malm and I have prepared two 
large detailed drawings of the Schmidt- 
camera layout and body construction, to- 
gether with four pages of explanatory 
matter (in English). Interested amateurs 
who wish to obtain these plans should 
send the undersigned $1.50 from the 
United States or $1.30 from Canada. 

Our observatory’s name, Bifrost, means 
the trembling or undulating bridge, that 
is, the Milky Way or the rainbow over 
which Viking champions were entitled to 
ride into Valhalla. 

RUNE FOGELQUIST 
Bosslinge, Bérje 
Uppsala, Sweden 


Sky and Telescope Binder 


This dark blue fabrikoid binder, for hold- 
ing 12 issues of the magazine, is priced at 
$3.50 each, postpaid in the United States; 
$4.00 in Canada. Your name can be gold 
stamped for 70¢ extra, the volume number 
for 40¢, both for a dollar; print desired let- 


| tering clearly. Payment must accompany order. 


(Sorry, but no foreign orders accepted.) 
Sky Publishing Corporation 
Harvard Observatory, Cambridge 38, Mass. 
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In this three-dimensional model by 
Sarah Lippincott, all known stars with- 
in 16 light-years of the sun (center) are 
shown as if they were being viewed 
from the direction of the vernal equi- 
nox. The triple star Alpha Centauri 
appears below and to the left of the 
sun; Altair is the large object at the 
extreme left; and Sirius is the largest 
in the right half of the model. Photo- 
graph courtesy Sproul Observatory, 
Swarthmore College. 


HE QUESTION of whether there is 
| ete life elsewhere in the uni 
solar 

but 


verse, outside the bounds of the 


has been fascinating, 


Optical tele 


system, long 
apparently unanswerable. 
scopes offer no help with the problem. It 
would require a very large telescope out- 
side the earth’s atmosphere, say on the 
moon, merely to detect the existence of 
planets accompanying the closest stars. 
The life would 
still be unrecognizable. 

Could a radio telescope detect intelli- 


presence of intelligent 


gent radio transmissions over interstellar 
that the dis 


a signal can be ob 


It is easy to show 


which 


distances? 
tance R 
served is given under most conditions by 


ovel 
the accompanying formula. ‘To see what 
ranges are obtainable with available equip- 
ment, let us consider an attempt by the 
85-foot radio telescope of the National 
Radio Astronomy Observatory to detect a 
high-power radar signal. 

Such a signal might be like that radiated 
by the Millstone Hill 
Westford, Massachusetts, when it achieved 
radar echoes from Venus (Sky AND TEL! 
May, 1959, page 384). At 
times, the Millstone radar has roughly an 


radar antenna at 


SCOPE, such 
effective radiating power (P.) of 10" watts 
10 cycles per 

effective re 


and a band-width (B) of 
second. The 85-foot has an 
ceiving area (A) of 370 square meters and, 
if we are using a maser, T might be only 
10° Kelvin and ¢ about 100 seconds. 
Using these values in the formula, we 
find that the radar transmission would be 
Universities, Inc., 
Science Foundation. 


*Operated by the Associated 


under contract with the National 
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detectable even if it originated 8.7 light- 
years away! ‘This is as far as Sirius, and 
about twice as far as Alpha Centauri. 
Because of our large antennas and new 
sensitive receivers, we are already capable 
of detecting the radio transmissions of in- 
telligent beings over interstellar distances. 
When the receiving antenna is a para- 
bolic reflector, this rule-of-thumb formula 
may be applied: The distance in light- 
years at which strong present-day trans- 
mitters can be detected is about equal to 
the diameter of the antenna in feet di- 
vided by 10. Thus the U.S. Navy’s 600 
foot antenna, now under construction at 
Sugar Grove, West Virginia, could detect 
intelligent life transmissions from as far 
away as 60 light-years, while the Cornell 
University 1,000-foot bowl in Puerto Rico 
and NRAO’s proposed 1,000-foot antenna 
will be able to see about 100 light-years. 
Within that the earth, there 
are something like 10,000 stars. 
It is very difficult to estimate how many 


distance of 


of those stars may be supporting civiliza- 
tions as advanced as ours. For many years, 
it was felt that the formation of the solar 
system was the result of a chance collision 
between two stars, or some other unlikely 
event. Furthermore, the development of 
life on planets was thought to be a very 
rare occurrence. ‘This led to a pessimistic 
picture of the abundance of life in the 
galaxy. 





How Can We Detect 


Radio Transmissions from 


Distant Planetary Systems? 


National Radio Astronomy Observatory* 


In recent times, however, it has become 
clear that the formation of a second body 
or bodies is an essential part of the for- 
mation of a star. It is possible that most 
stars, not members of binary or multiple 
systems, are accompanied by families of 
planets or meteorites. As explained by 
Otto Struve in his article on page 154 of 
this issue, probably at least a few per cent 
of all stars are accompanied by planets. 

How many of these planets might have 
intelligent life? The pioneering experi- 
ments of Stanley Miller at the University 
of Chicago, as well as later studies, have 
shown that complicated organic molecules 
could well have been formed in great 
quantities during the early history of the 
earth or any similar planet. ‘These mole- 
cules, which are the basic building blocks 
of life, should provide for its emergence 
on other planets just as they apparently 
did on earth. 

We might expect life to be quite com- 
mon on planets, then. However, recent 
papers by K. Kordylewski in Poland and 
Su-Shu Huang in the United States con- 
sider anew the fact that life will thrive 
only on planets that are at such distances 
from their star that the temperature is 
appropriate. “This limits intelli- 
gent life to just a few planets in each 
planetary system, including our own. 
\nd the star must be long-lived, not 
changing its brightness appreciably dur- 


factor 


DISTANCE OF DETECTION OF COSMIC RADIO SIGNALS 


R 8 10° 


R is the distance 
P.. is the effective 
of the earth, 


(P. A/T)’ (t/B)" light-years 


over which the signal can be observed; 
radiated power of the transmitter, in the direction 
expressed in watts; 


A is the effective area of the receiving antenna, in square meters; 


T is the excess receiver noise temperature of the receiver used, in 


degrees Kelvin; 


t is the receiver averaging time, in seconds; 
B is the accepted band-width of the signal (that is, the band-width 


of the receiver used 


in cycles per second. 


For detailed explanations of the terms used in this formula and other in- 
formation about radio receivers useful in the present discussion, refer to Dr. 


Drake’s article in the November 
respectively. — ED. 
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and December, 1959, issues, pages 26 and 87, 








ing the billions of years that are required 
for the intelligent beings 
from a collection of organic molecules. 
The over-all result is to limit such life 
to planets of main-sequence stars of spec- 
tral types F, G, K, and possibly M. How- 
ever, this still includes about half of all 


evolution of 


the stars. 

The stars have quite varied ages. This, 
plus the good probability that biological 
evolution occurs at unequal rates on dif- 
ferent planets, means that the present 
level of evolutionary development may be 
quite different from planet to planet. 
e of the sun appears to be average. 
that throughout the 
galaxy there scattered civilizations 
more advanced, at the and 
less developed than ours. 
the considerations above, it 


The ag 
Thus, it is likely 
are 
same level, 

From all 
appears that strong intelligent radio trans- 
missions may emanate from the vicinities 
of, at best, 25 per cent of the stars and, at 
worst, perhaps one star in a million, which 
is the extremely Conservative estimate re- 
cently suggested by Harlow Shapley in his 
book, Of Stars and Men. Obviously, these 
estimates are not very helpful, except in 
one respect: They make the possibility 
good that at least one of the 10,000 stars 
soon to be within our reach has a civiliza 
tion using radio techniques. It is, then, 
worth while to apply our newly found 
technical prowess in an effort to detect 
interstellar radio transmission. 

What search frequency would be best? 
Consider what might be called the prin- 
ciple of technical perfection. It is only 
about 50 years since radio communication 
was invented, yet we have already very 
nearly achieved technically perfect instru- 
ments, within 50 more years we 
should have them. By technical perfec- 
tion we mean that the limits on commu- 
nication-system sensitivities are not set by 
deficiencies in the apparatus, such as re- 
ceiver noise, but by natural phenomena 
This is 


and 


over which man has no control. 
a state in which further improvements in 
apparatus will not improve the opera- 
tional results. 

A century is only about a hundred- 
millionth of the age of our galaxy. Thus, 
on the galactic time scale, a civilization 
passes abruptly from a state of no radio 
ability to one of perfect radio ability. If 
we could examine a large number of life- 
bearing planets, we might expect to find 
in virtually every case either complete 
ignorance of radio techniques, or com- 
plete mastery. This is the principle of 
technical perfection. Our civilization may 
be one of an extremely small minority 
in transition between the two possible 
states — this, in fact, may be the only 
major feature in which man is unique. 

Therefore, it may be logical to assume 
that the civilizations we might detect 
possess complete mastery of radio already. 
Ihe transmissions we seek will obviously 
be very powerful ones, in which large 
information transfer over long distances 
is being attempted. Frequencies will be 











ay T eo T T T a 
! 
| 
. 7 
! 
= 60°F | i 4 
~ e 7 
S a | 
pe > OPTIMUM FREQUENCIES j 
S oF > j 4 
> FOR PROJECT OZMA é 
ly O70 I 
& ZLA ° 
ra 40° “be Se wal 
X D ja 
& ots ow 
ly = 0% la 
Q ° en 
= = ay D lo al 
Wy ~ 2 = 
K ™\09 Ie 
X o\+% 
20°F c\°o po” “ 
x ‘het on 
' ee Ps 
p 3 
eS) \ ce 
Q “bi, aa 
7 4 \ + & 7 "i 
e i" o TURE pet <¥ 
—_—_——_— i — i a = we =e a TION F RO 
i a RADIA 
| l l l l L 
) 300 1,000 3,000 10,000 30,000 


FREQUENCY /N MEGACYCLES 
Only in a relatively narrow range of radio frequencies is there a reasonable 
chance of receiving transmissions from extraterrestrial beings. At low frequen- 
cies such signals would be smothered by radio noise of galactic origin; at high 
frequencies, radiation from the earth’s atmosphere would overwhelm them. 
Both these types of interference are charted here, together with their resultant, 
the total sky radiation temperature. NRAO graph. 


chosen for which the natural limitations 
on performance are least. Two of these 
limitations are important: galactic radio 
noise emission, and noise from the plane- 
tary atmosphere, if reception from beneath 
the atmosphere is being attemp?ed. 

Both these emissions insert noise into 
the receiver, and have the same effect as 
though the receiver itself were noisy. The 
graph shows for the earth the radio-sky 
temperature produced by each of these 
sources of noise, and their combined ef- 
fect. This last would be the excess re- 
ceiver noise temperature of an otherwise 
perfect receiver. Obviously, the best fre- 
quencies to use for our search are those 
where this total sky temperature is least. 

For instance, from beneath the atmos- 
phere of a planet like the earth, the band 
from 1,000 to 10,000 megacycles per sec- 
ond would be the optimum for reception 
of long-range transmissions. If, however, 
reception is being done from above the 
atmosphere, as the principle of technical 
perfection and our own success with satel- 
lites suggest, frequencies above 10,000 
megacycles are also good candidates. 

Guiseppi Cocconi and Philip Morrison, 
of Cornell University, have gone one step 
further in a paper that appeared in the 
British journal Nature (September 19, 
1959, page 844). They speculate that civi- 
lizations in space may have produced 
strong radio beams directed toward their 
nearby neighbors, in an effort to estab- 
lish two-way radio communication at the 
earliest possible time. Such an attempt 
would use the frequency at which high- 
sensitivity, narrow-band radio telescopes 
would be first operated extensively during 
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radio development of civilizations in the 
Milky Way. Throughout the galaxy it 
could very well be 1,420 megacycles, the 
frequency of the 2l-centimeter interstellar 
hydrogen line. 

All these considerations suggest confin- 
ing our search to the band between 1,000 
and 10,000 megacycles, and that possibly 
frequencies around 1,420 megacycles offer 
the best chance for success. 

What will be the characteristics of 
the sought-after signals? Communication 
theory states that the narrower the band- 
width of a transmitted signal of fixed 
total power, the greater the range of suc- 
cessful transmission. Since we are attempt- 
ing, in any Case, to intercept transmissions 
of great power, where great range is pre- 
sumably the goal, we can expect the sig- 
nals to be of narrow band-width. This is 
advantageous, as it will allow us to distin- 
guish the signals from naturally occurring 
cosmic noise, which is extremely broad 
in band-width. 

We should expect an appreciable Dop- 
pler shift in the transmitted frequency 
over short periods, because of the like- 
lihood that the transmitter will be in 
orbital motion around a star or planet. 
This shift will help us distinguish signals 
from cosmic noise and from terrestrial 
interference. The signal strength may 
vary with time, if coded information is 
being sent, and also possibly due to the 
changing orientation of the earth with 
respect to the transmitter. Finally, the 
transmission should come from the direc- 
tion of a nearby star. 

Summarizing this discussion, a receiver 
designed to detect interstellar radio sig- 
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This block diagram indicates the operation of the radiometer now being completed for Project Ozma, to detect possible 

radio signals from the planets of other stars. Radio energy collected by the 85-foot antenna enters the feed horns shown 

at the upper left, and the desired signals, if any, are displayed by the recorder of the interstellar signal channel, lower 
right. In practice, the second mixer also functions as the second intermediate-frequency amplifier. NRAO diagram. 


the earth should: 
1. Operate at a frequency above 1,000 


nals at the surface olf 
megacycles, with performance near 1,420 
desirable. 

2. Operate over a considerable range 
of band-widths, including 10 cycles per 
second and less. 

3. Have receiver frequency vary con 
siderably less than the band-width during 
the averaging time of the receiver, specifi- 
cally not more than about one cycle pe 
second in several minutes. 

t. Have the most sensitive system now 
available. 

5. Eliminate receiver noise effects as 
mu¢ h as possible. 

6. Discriminate against broad-band cos- 
mic noise, if possible. 
inter 


7. Preferably terrestrial 


that 


reject 
ference resembles the sought-after 
signal. 

In an effort 


transmissions, 


to detect interstellar radio 
NRAO has _— established 
Project Ozma. It is named for the queen 
of the imaginary land of Oz a place 
very far away, difficult to reach, and pop- 
radiometer 
fulfills the specifications above is 


ulated by exotic 
that 


now in the final stages of construction, a 


beings. A 


portion of it being shown in the picture. 
Almost all of the assembly and testing to 
date have been carried on by W. Waltman, 
Purdue University, and R. W. Meadows, 
of the United Kingdom’s Department of 
Scientific and Industrial Research. 

A block diagram is given here of the 
Ozma radiometer, which operates near 
1,420 megacycles. It is essentially a highly 
stable narrow-band superheterodyne re- 
ceiver, which utilizes the principles of 
both the Dicke radiometer 
comparison type. 


and the d.c. 


(See November, 1959, 
pages 26-28.) 


Two horns are placed together at the 
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focus of the parabolic antenna, in order 


to eliminate terrestrial interference to 


some extent. These horns give the an 
tenna two beams, one to point at the 
star under study, the other off into space 
near the star. As the electronic switch 
connects first one horn and then the other 
to the receiver, the telescope will look 
alternately at the star and at the sky 
beside it. Any radiation from the star 
will then enter in pulses whose duration 


is controlled by the switch. The synchro 





These cabinets contain those portions 
of the Ozma radiometer that are lo- 
cated in the control building of the 


radio telescope. Not shown are the 

feed horns, reactance amplifier, switch, 

first local oscillator system, and _ first 
intermediate-frequency oscillator. 
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nous detectors near the output end of 
the circuit will respond only to pulses 
synchronized with the switch, thus de- 
tecting only the desired signal. Receiver 
noise is eliminated, and also terrestrial 
disturbances. 

Interference generally enters a radio 
telescope antenna through the horns di- 
rectly, without a reflection from the parab- 
oloid. In that case, both horns should 
receive the interfering signal with the 
strength, and when the switch 
changes from one horn to the other there 
will be no change of level in the inter- 
ference entering the receiver. As a result, 
the interference signal is not pulsed, and 
the synchronous detectors ignore it. 

In the present receiver, immediately 
after the switch there comes a reactance 
amplifier, to be replaced later with a 
maser. The amplifier, which gives the 
radiometer high sensitivity, was built by 
Ewen-Knight Corp., while the electronic 
switch was made by H. Hvatum of NRAO. 

The signal then undergoes four fre- 
quency conversions, this many being neces- 
sary because the final intermediate fre- 
quencies are very low, due to the narrow- 
band-width requirements. The frequency 
received by the radiometer is directly de- 
pendent on the frequencies of the fou 
oscillators, whose output signals beat with 
the true signal to produce the interme- 
diate frequencies. In our specifications all 
four oscillators must hold their frequen- 
cies constant to better than one cycle per 
second in 100 seconds, if the over-all re- 
ceived frequency is also to be that constant. 

This is a most difficult requirement for 
the first oscillator, because its final fre- 
quency is about 1,390 megacycles, and it 
therefore must remain constant to one 
part in a billion. This accuracy is achieved 
by means of a special quartz crystal oscil- 


Same 


lator, the crystal being kept at a very 
constant temperature in an oven within 
an oven. The output of this oscillator is 
multiplied in frequency to give the de- 
sired final frequency. 

A marker-frequency generator is used 
to provide weak signals from the output 
of the very stable oscillator at many fixed 
frequencies. These signals are inserted 
the receiver for determining the 
exact frequency on which the receiver is 


into 


operating, allowing the detection of Dop- 
pler effect. 
\fter the fourth intermediate-frequency 







amplification, two filters pick out a broad 
band of noise, called the comparison band, 
and a narrow one designated the signal 
band. The gain of these filters is adjusted 
so that when very broad-band noise enters 
them their total outputs are equal. When 
these outputs are passed into the differ- 
encing circuit, its output is zero. How- 
ever, a narrow-band signal fills only some 
of the frequencies of the filter for the 
comparison band, but all of those in 
the signal-band filter. The output of the 
narrow-band filter is then greater than 
that of the broad-band one, and there is 
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Project Ozma’s first experiments will be performed with the 85-foot Howard 
Tatel radio telescope, pending completion of the great 140-foot paraboloidal 
antenna at Green Bank. In this picture, the latter’s concrete pier is almost 
finished, and cranes 186 feet high have been erected to lift parts of the telescope 
into place. When assembled, the polar axis, two pieces of which are in the fore- 
ground, will weigh about 800 tons. It is made of six- and eight-inch plate and 
of high-density concrete. The 140-foot aluminum dish is to have a surface ac- 
curate to within a quarter of an inch, in any position. All of the receivers will 
be housed inside the pedestal, which has as much depth below ground as 
height above it. Photograph from National Radio Astronomy Observatory. 


January, 1960, Sky AND "‘TELESCOP! 


a net output from the differencing circuit. 
This use of the d.c..comparison circuit 
makes the radiometer respond only to 
narrow-band signals. As drawn here, the 
radiometer is set up for signals of about 
40-cycles-per-second band-width. In the 
actual receiver, the electronic filters have 
variable band-widths that may be quickly 
adjusted to desired values. 

The filters placed before the synchro- 
nous detectors pass only the frequencies 
to which the detectors will respond, and 
reject other frequencies that might cause 
them to operate improperly. 

We see that an output from the final 
synchronous detector will occur only when 
receiving a narrow-band signal from a 
direction in which one of the antenna 
beams is pointing — the desired inter- 
stellar signal. The integrator only aver- 
ages the signal strength over a chosen 
interval. The other two synchronous de- 
tectors and integrators connected directly 
to the comparison-band and signal-band 
channels monitor the performance of the 
radiometer. 

Barring serious technical difficulties, our 
radiometer will go into operation on the 
The first 
objects to be looked at are Tau Ceti and 


85-foot antenna early this year. 


Epsilon Eridani, two solar-type stars about 
11 light-years away. Unidentified 
sources whose celestial positions are close 


radio 


to those of nearby stars will also be 
studied at an early opportunity. 

It appears probable that this project 
or a similar one will someday succeed in 
detecting an artificial Needless 
the scientific and philosophical 
implications of such a discovery will be 


extremely 


signal. 


to Savy, 


great. 





PIONEER RADIO TELESCOPE 

About 25 vears ag Wheaton, I] 
Grote Reber used a 30-foot pa- 
raboloidal antenna for pioneering studies 
of radio noise from the Milky Way. His 
instrument is now being remounted at 
the National Radio 
tory. It 85-foot 
steerable already in use at 
Green Bank, West Virginia, as well as 
the 140-foot instrument nearing 
completion. 

During World War II, the Reber in- 
strument was requisitioned by the govern- 
ment, but by 1955 its parts had been 


ago, at 


linois, 


Astronomy Observa- 


will complement the 


telesc ope 


now 


placed in storage at the National Bureau 
of Standards in Boulder, Colorado. Mr. 
Reber is supervising the remounting at 
Green Bank. This radio telescope is of 
sufficient size to be used for experimental 
purposes, in addition to having historical 
interest. 

The Reber telescope is only one of 
many topics in a long article by Richard 
M. Emberson in Science for November 13, 
1959. He gives a full account of the de 
velopment of NRAO, with special em- 
phasis on the difficult problem of pro- 
observing against 


tecting its programs 


man-made radio noise. 
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The new Foucault pendulum of the Museum of Science at Springfield, Massa- 
chusetts, is the work of the local amateur astronomy club. They built the pen- 
dulum bob and its ceiling support, the model exhibit (upper right), and the 


floor chart. 


Ten-degree intervals marked on the chart correspond to the 


pendulum’s apparent change of direction in an hour, which is easily noticed by 

visitors to the museum (see front-cover picture). The pendulum behaves as 

predicted, but swings in a narrow ellipse after an hour or two. This ellipsing 

is scarcely appreciable, however, because the Springfield pendulum is restarted 
several times each day. Photograph by William K. Buxton. 


A Foucault Pendulum 


WAarREN I. FILLMORE, Springfield Stars Club 


IS scion the Springfield Museum of 
Science celebrated its 100th anni- 

versary recently, a Foucault pen- 
dulum was presented to it by our local 
astronomical society, the Springfield Stars 
Club. The device was designed, built, 
and installed by members of the group, 
with generous support from many _busi- 
ness firms of this Massachusetts commu- 
nity. The new exhibit has been open to 
the public since June 5, 1959. 

It is gratifying to watch the spontane- 
ous interest adults and children alike 
show in this demonstration of the earth’s 
rotation. As soon as each class of school 
children or a group of visitors gathers 
around the pendulum, the museum direc- 
tor, Frank D. Korkosz, starts the bob by 
drawing it carefully to one side and re- 
leasing it in a smooth arc without any 
lateral motion. He finds that this method 
works about as more con- 
venient than tying the bob back with a 
thread, which is then burned to release it. 

By the time the demonstrator has 
finished a short talk describing the prin- 
ciple of the device, a change in the ap 
parent path of the pendulum’s swing can 
be observed. Before the group leaves the 


well and is 





museum (perhaps after a demonstration 
of the Korkosz projection planetarium), 
the pendulum is visited again and con- 


A 





under a 
Foucault pendulum at a latitude of 


The rotation of the earth 
north is shown in this sketch 


by the author. 


about 40 
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siderable rotation can be noted. The in- 
itial amplitude of the swing is about 3} 
feet, and after four hours the pendulum 
still swings nearly one foot. 

The French physicist J. B. L. Foucault 
(1819-68) invented the experiment that 
bears his name. A pendulum, once set 
swinging, will continue to oscillate in the 
same plane if undisturbed. Thus, rea- 
soned Foucault, with a suitably arranged 
pendulum it should be possible to show 
that the earth is turning beneath it. 

In the cellar of his home he installed an 
1l-pound brass bob hung by a wire only 
64 feet long. Then, at the Paris Observa- 
tory he made a pendulum nearly 36 feet 
in length. But the most famous of Fou- 
cault’s pendulums was suspended from the 
dome of the Pantheon as a science exhibit 
for the Paris exhibition of 1851. 

There a wire 219 feet long supported a 
62-pound cannon ball, to the underside of 
which there was attached a short stylus. 
A ring of sand was placed beneath the 
pendulum, so that on every swing the 
stylus cut a mark in the sand. Successive 
marks progressed clockwise, showing that 
the floor of the Pantheon was turning 
under the pendulum. 

Foucault followed this success a year 
later with a duplicate proof in the form 
of a massive flywheel pivoting freely 
around its center of gravity. On being set 
in rapid rotation, its spin axis indicated a 
fixed direction in space. This was the 
invention of the gyroscope. 

It is easy to visualize how a pendulum 
suspended over one of the earth’s poles 
will show the rotation of the globe, as if 
the bob were swinging over a phonograph 
turntable. When a pendulum is hung 
over any point on the earth’s equator, 
however, the plane of oscillation does not 
change relative to the ground beneath. A 
sketch of these two situations was pub- 
lished on page 115 of Scientific American, 
June, 1958, in an article on Foucault 
pendulum construction. 

The situation in middle latitudes is 
drawn here, where A and B are taken, 
for convenience, to represent Springfield, 
Massachusetts, at latitude 42° 06’ north. 
Suppose we start a pendulum swinging at 
A in the direction of the short heavy line. 
In two hours the earth will have turned 
so the pendulum will be at B, but as it 
must swing in the same direction as that 
in which it started, it moves along the 
heavy line drawn through B. We on the 
earth do not sense the terrestrial rotation 
directly, and therefore it seems to us that 
the direction of the pendulum’s swing is 
changing. 

In one hour, the amount of this ap- 
parent change is 15 degrees multiplied by 
the trigonometric sine of the latitude. 
For Springfield the sine is 0.6704, so the 
apparent deviation of our pendulum is 
approximately 10 degrees an hour, or 
240 degrees per day. The following ap- 
proximate values indicate the range of 
the pendulum’s hourly rotation rate for 
most of the United States: seven degrees 


at 28° north; eight degrees at 32°; nine 
degrees at 37°; 10 degrees at 42°; 11 de- 
erees at 47° north. 

This phenomenon has a variety of ap- 
plications; for example, to long-range 
missiles and to atmospheric circulation. 
Thus, with our present space-age aware- 
ness, the Foucault pendulum has great 
educational value for adults and children 
alike. In early 1958, therefore, our club 
decided to make such a device for the 
Springfield Museum of Science. Before 
actual construction was begun, we spent 
a year in planning and study, including 
a visit to see the Foucault pendulum in 
the Peabody Museum of Yale University. 

We decided that our pendulum bob 
should weigh about 30 pounds, and be 
large enough to be easily seen, yet not of 
a size that would offer too much air re- 
sistance while swinging. A_ lenticular 
shape was chosen to accord with the 
modern decor of the museum room where 
the pendulum was to be mounted. 

From a local supplier we obtained two 
identical hard-drawn aluminum shells, of 
just the right size and with a coppertone 
anodized finish. Placing the two halves to- 
gether made the hollow casing of the bob, 
9! inches in diameter and three inches 
thick at the center. We could not pour 
molten Jead into the shells, as the heat 
might have scorched the anodized finish 
irreparably. Therefore, to give enough 
weight to the bob, we filled it with lead 
shot cemented into a mass with cold 
liquid solder. 

[his procedure made counterbalancing 
easy. We hung the bob over a carefully 
leveled plate, on which was a_ surface 
gauge with a scribe point that was aligned 
with the equatorial seam of the shell. 
This test showed the bob was not exactly 
level, but by taping lead shot to the 
lighter side we quickly determined how 
much weight had to be added there. The 
bob was opened and the required amount 
of lead cemented inside; after three such 
trials the bob’s balance seemed perfect. 
The care spent at this stage was repaid 
by the good performance of the final 
pendulum. 

Because ours was to be an educational 
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In this explanatory display, helpful for the viewer’s understanding of the 
Foucault pendulum’s operation, the globes bear miniature pendulums and 
show the earth’s rotation in two hours. The amount of pendulum shift for 
Springfield’s latitude is clearly indicated. Photograph by William K. Buxton. 


demonstration, primarily for school chil- 
dren, we decided against using any driv- 
ing device or mechanical, magnetic, or 
electrical gadgetry that might be difficult 
to explain to the public. 

The museum room for the pendulum is 
only 20 feet high, but there is a crawl 
space above the ceiling that is accessible 
without ladders. A mahogany plank, 
whose center carries a copper sleeve, was 
screwed to the ceiling joists and carefully 
leveled. After first being unbolted from 
above, the whole wire-attachment assem- 
bly can be lowered to the museum floor 
and raised into place again by a cord. 
Ladders or staging are not required for 
cleaning, inspecting, or wire changing. 

In our planning discussions, Mr. Kor- 
kosz advised us that he would like to 
make a fresh start of the pendulum for at 
least two classes of school children daily, 
as well as upon opening the museum for 
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regular public hours each afternoon. ‘This 
requirement indicated the possibility of 
unexpected stresses on the suspension 
wire, but our early experiments were un- 
successful because we used thin a 
wire and an improper supporting fixture. 

With a pendulum only about 20 feet 
long, if the upper end of the wire is 
simply clamped and allowed to flex freely, 
there is a wire-breaking hazard because 
of the large bending angle, if the am- 
plitude of the swing is several feet. We 


too 
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first used a modified pin vise to hold the 
wire (like the one holding the bob), and 
chamfered the corners of its jaws to re- 
move sharp edges, giving a bending radius 
of about 1/16 inch. 

This wire broke in three weeks! The 
bob dropped a few inches onto the glass 
plate covering the floor chart, but re- 
mained undented and the glass did not 
break. No damage resulted. 

The experience proved to us the im- 
portance of adequate wire size and bend- 
ing radius. We Charfon 
ferrule shown in the sketch, which pre- 
vents the wire from flexing to a radius 
shorter than five inches. While we ex- 
pected that no bending breakage may 


now use the 


occur for years, as an added safeguard we 
increased the size of the wire itself. 
Most Foucault pendulums use piano 
wire to the bob, although we 
have heard of two that use bronze. We 
finally decided on a stainless-steel spring 
wire, type 302, of diameter 0.032 inch. 


support 


It has a minimum tensile strength of 
277,000 pounds per square inch. But 10 
per cent should be deducted for wire 
straightening, and 30 per cent for han- 
dling stresses, flexing fatigue, and possible 
defects such as nicks. At 60 per cent of its 
rated tensile strength the wire can sup- 
port 133 pounds. Using a 30-pound bob, 
therefore, our safety factor is about 4.5, 
which should be satisfactory. 

Clamping the 30-pound bob to the end 
of a slippery stainless-steel wire only 1/32 
of an inch in diameter is no small prob- 
lem. After some tests with a pull scale, 
we found that lugs 
with brass set screws worked well and did 


brass wire-holding 


not damage the wire. The “eye” on each 
end of the wire was carefully formed with 
round rat-nose pliers, the “eye” being 
made in a counterclockwise direction so 
that the pull on the wire tended to tight- 
en the set screw. A modified Starrett pin 
vise prevents lateral motion of the wire 
and can be used with another wire size, 
if necessary. Periodic inspections and _ re- 
placement of the wire at regular intervals 
are planned. 

To keep spectators at a suitable dis- 
tance from the swinging pendulum, a 
circular space eight feet across is enclosed 
the materials 


aluminum railit 


having been donated to our project by 


by an 1g, 
Alcoa Aluminum. Centered in this space 
is a floor chart of paper, mounted on a 
Novoply board and 
covered with glass. On the light blue 
background of this chart is a compass rose 
in dark Because our 
floor turns 10 degrees per hour under the 
swinging pendulum, the chart is marked 
with 36 one-hour divisions and the com- 
pass rose has six points instead of the 


very flat sheet of 


blue and white. 


customary eight. 

The whole project cost our club just 
under $100, thanks to materials and ef- 
fort contributed by many firms and indi- 
viduals. Were it not for this help, the 
cost of the exhibit might have been sev- 
eral thousand dollars. 
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NEWS NOTES 


UNUSUAL IRREGULAR GALAXY 


Messier 82, visible in amateur telescopes 
as a 9th-magnitude patch of light in Ursa 
Major, is one of the nearest and brightest 
galaxies that are irregular in shape. Most 
irregular galaxies owe their light chiefly 
to large numbers of hot, blue stars within 
them, and these galaxies are in fact usually 
bluer in color than the sun. 

However, M82 departs from this rule, 
according to W. W. Morgan, Yerkes Ob- 
servatory, and N. U. Mayall, Lick Observ- 
While this system is found from 
spectroscopic observations to contain a 


atory. 


great many blue stars, the galaxy appears 
redder than the sun. 
has now 


distinctly 

This contradiction been ex- 
plained by observations made at McDon- 
ald Observatory during the spring of 1959. 
From the behavior of the emission lines 
of hydrogen and oxygen, the two astrono 
mers have found that M82 is immersed in 
a great complex of dust, which reddens 
and dims the light of stars imbedded in it. 
Other irregular galaxies, on the contrary, 
seem to be relatively transparent and free 
from dust. 


LUNAR RAY FORMATION 


(Among the full moon’s most conspicu- 
ous surface features are the long, narrow, 
bright streaks diverging from the crater 
Tycho. Other with 
such craters as Copernicus and Aristar- 
chus. Many of the rays if extended back- 


rays are associated 


ward, however, do not pass through the 
center of the crater involved, and some 
of them double. It has 
been suggested that material ejected ex- 
plosively from a crater would be projected 


appear to be 


to great distances and that the displace- 
ment of the nonradial rays was caused by 
rotation of the moon during the flight of 
the debris. 

\ further proposal has been made by 
Louis A. Giamboni, of the Rand Corp., 
in the July, 1959, Astrophysical Journal. 
He points out that large terrestrial ex- 
plosions indicate that ejection, whether 
from meteoritic impact or volcanic craters, 
could occur in vertical fans with restricted 
extent in azimuth. Material projected 
vertically upward would have fallen east 
of ‘Tycho, for example, because the moon 
was rotating during the relatively long 
time of flight. Debris that moved in low 
trajectories would fall sooner and _ suffer 
less deviation. Some fans might produce 
double rays, the high-trajectory nonradial 
branch lying to the east of the low-tra- 
jectory one in each case. 

Dr. Giamboni compared the pattern of 
68 ‘Tycho rays or segments of rays with 
the predictions of his model. He finds 
that the Tycho ray system could have its 
actual form only if it were laid down 
when the moon was rotating much more 
rapidly than it does now, with a period 


between 0.5 and 6.8 days. It is known 
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that the moon’s rotation has been gradu- 
ally slowing down as a consequence of 
tidal friction. While this process has a 
highly uncertain time scale, Dr. Giamboni 
has used it to deduce that the ray system 
was produced less than 80 million years 
after creation of the itself. “This 
would be roughly contemporary with the 
formation of the lunar tidal bulge. 


moon 


PLANETARIUM INVENTOR DIES 


Perhaps no one person has done more 
for the popularization of astronomy than 
Walther Bauersfeld, chairman of the 
board of directors of the Carl Zeiss Works, 
Oberkochen, West Germany, who died on 
October 28, 1959, in his 80th year. 

In 1919 he conceived the idea of the 
modern projection planetarium, design- 
ing and building the first instrument of 
this type, which was installed at the 
Deutsches Museum in Munich in May, 
1925. Since then more than 30 other 
Zeiss projectors have been erected in 
various parts of the world, including six 
in the United States. 

Professor Bauersfeld was the first’ to 
apply modern technology to the historic 
idea of a planetarium. By using optical 
projection to show every naked-eye star 
in its proper position, and by developing 
special projectors to present planetary 
motions in full detail, he obtained a 
highly realistic representation of the 
night sky and the annual panorama of the 
constellations. In this way, Professor 
Bauersfeld has been responsible for intro- 
ducing the wonders of the heavens to vast 
multitudes of people. 





Walther Bauersfeld (1879-1959), inven- 


tor of the Zeiss projection planetarium. 


: — ——> <== emitted radiation about 100 times more 
IN THE CURRENT JOURNALS intense than the normal background ra- 
ENERGY AS AN ULTIMATE RAW dio noise from the corona. 
MATERIAL, by Alvin M. Weinberg, Simultaneously, cosmic ray scientists at 
Pivsics Todev, November, 1000 “1 the University of Minnesota recorded a 
chimes tn eee cm energy, first, be- tremendous gain in the flow of protons 
cause as physicists our basic subject of of half-billion electron volt energies. This 
study is energy; and, second, because flux wee 1,000 sania above normal, and 
the character of the asymptotic state of beicase believed to anignae mm the sun's 
ithhind .. wettiee + eth tks to. See rather than in the Van Allen 
existence or a passably abundant life radiation belts surroumeling ne: Cae 
— will depend centrally on our captur- Dr. Erickson’s observations were made 
ing an inexhaustible energy supply, with the completed portion of a large 
cither by learning how to burn the seas radio interferometer being erected on the 
very flat bed of Clark Dry Lake, about 90 
miles northeast of San Diego, where it is 
shielded from man-made radio interfer- 
ence by mountains on three sides. When 
fully assembled, it will consist of a rec- 


(fusion) or to burn the rocks (fission) 
or-to trap the sun’s energy in a_prac- 
tical way.” 


GENERAL MAGNETIC FIELD tangular array of 255 copper-wire dipoles, 
OF THE SUN suspended from posts in eight parallel 


Since 1952, systematic measurements rows to form an east-west band two miles 
of the general magnetic field of the sun long. ‘The beam resolving power in this 
have been made by Harold D. Babcock direction is to be about 4} degree, and 
of Mount Wilson and Palomar Observa- — north-south it will be 13 degrees. 


tories (SKY AND TELESCOPE, October, 1954, 
; FLARE-PATROL PHOTOGRAPHS 





page 423; September, 1958, page 555). 

During the first five years of this pro- At Sacramento Peak Observatory in 
eram, the solar field’s polarity remained New Mexico, a telescope for recording 
unchanged — being opposite in sign to — flares and other activity on the sun is in 


that of the earth’s magnetic field. But by daily use by Harvard astronomers under 
June, 1957, the field had become much — a contract with the Air Force Cambridge 
weaker, and near the sun’s south pole Research Center. ‘The accompanying se- 
the polarity had changed. Dr. Babcock quence of pictures taken on September 1, 
now reports that a gradual reversal of — 1959, furnishes a good example of the 
polarity has spread over the entire sun, disappearance of the dark filament of a 


the change in the north polar region be- large solar prominence, followed by the 
ing first observed in November, 1958. growth of a flare in the same region. 
It has long been known that the mag- The six pictures (top to bottom) were 


netic polarity of sunspots varies in a exposed at 18:33, 19:02, 19:10, 19:15, 
22-vear cycle. The polarity of pairs of — 19:27, and 19:58 Universal time. The 
spots in the sun’s northern hemisphere is | prominence first appears as a broad dark 
opposite to that in the southern hemi- cloud not far from the upper edge of the 
sphere, and these reverse every I] years. sun, then fades away entirely. Nearby, 
Dr. Babcock suspects that the general activity in the sun’s chromosphere in- 
magnetic field may also reverse polarity creases and the bright flare grows to an 
in a 22-year cycle, but the observations importance of 2+. ‘The pictures were 
must be continued for many years to taken in the red hydrogen-alpha line of 


verify this idea. the solar spectrum, this being the wave 
on eae length at which both prominences and 

RADIO STORM IN SUN'S flares are usually recorded. 

CORONA RECORDED Few other solar or terrestrial phenom- 


During a 10-day period last May, be- ena appear to have been associated with 
ginning about the 10th, solar activity was the flare. A magnetic crochet of intensity 
very marked. A flare of importance 3+ — 15 gammas occurred at 19:17, just before 
was observed (Sky AND ‘TELESCOPE, Au- the start of the flare itself, but there was 
gust, 1959, page 544), with radio bursts no sudden cosmic noise absorption or 
being recorded on many wave lengths. sudden enhancement of atmospherics. At 
Observations at frequencies up to 580 Ft. Davis, Texas, the Harvard solar ra- 
megacycles per second were made at dio telescopes recorded an intense group 
Harvard’s radio astronomy station in of fast-drift bursts between 19:51 and 


Texas. 20:05 at 25 to 100 megacycles, as well as 
Intense long-wave radio emission origi- continuum radiation on the 300-to-580- 
nating high in the sun’s corona was ob-  megacycle band throughout the lifetime 


served during the 10-day period by W. C. — of the flare. 
Erickson, at the Clark Lake radio as- 
tronomy station of Convair Scientific Re- 
search Laboratory, in southern California. 
Ihe high-energy disturbance was about 
1.3 to 1.7 million miles above the visible 


A region of the solar chromosphere in 
Hz» light, from the flare-patrol records 
of Sacramento Peak Observatory. They 
were selected by William D. Booton to 
illustrate the disappearance of a promi- 





‘face of > sun. : bserved at < . my 
surface of the sun \s observed at a nence and the eruption of a flare. 
wave length of 11.4 meters (frequency Courtesy Air Force Cambridge Re- ‘% ag ths 
26.3 megacycles per second), the region search Center. Pee, 
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The Practical Use of Ephemeris Time 


G. M. CLEMENCE, Nautical Almanac Offwe, U. S. Naval Observatory 


NTRODUCTION of Ephemeris time 
I into the national ephemerides for 1960 

may produce confusion in the mifids 
of some people who have not read the 
numerous articles on the subject in the 
astronomical literature of the past 10 
years. My purpose here is to discuss the 
matter from a strictly practical point of 
view, and to give some precepts which, it 
is hoped, will prevent misunderstandings 
or mistakes. 

The important thing to remember is 
that highly precise predictions must be 
referred to Ephemeris time, and highly 
precise observations to Universal time. 
The two can be brought together only 
approximately at first, and with full pre- 
cision after some months or years. 

It has been known for more than two 
decades that Universal time, which is 
based on the rotation of the earth, is not 
suitable for the precise description of as- 
tronomical phenomena. The speed of 
rotation of the earth changes occasionally 
in an irregular and unpredictable fashion, 
causing variations in Universal time. It 
would be all very well if the variations 


could be calculated in advance, for then 
allowance could be made for them in the 
prediction of astronomical phenomena, 
but that is not the case; it is the unpre- 
dictable character of the variations that 
produces the trouble. 

These changes are due to some activity 
deep within the earth, of a more or less 
random character. The activity has, of 
course, been going on for millions of 
years, but it is only within the last cen- 
tury that astronomical observations and 
calculations have become precise enough 
to show the effects, and only during the 
past few decades has it been possible to 
rule out all other explanations. 

A better measure of time is needed for 
refined astronomical purposes, and is pro- 
vided by Ephemeris time, based on the 
revolution of the earth around the sun, 
and determined from year to year by the 
revolution of the moon around the earth. 
Neither the orbital motion of the earth 
nor that of the moon is uniform, but the 
variations can be very precisely calcu- 
lated and allowed for, so that we obtain 
a uniform measure of time. 


AT 


REDUCTION FROM UNIVERSAL TIME TO EPHEMERIS TIME 


. 


Add to Universal Time 








| s | d oe s | 4d 
1901.5 | — 2.54 000029 1921.5 | +21.06 + 000244 1941.5 | +24.71 | +.000286 
1902.5 | - 1.13 | 000013 1922.5 21.56 000250 1942.5 | 25.15 | 000291 
1903.5 | + 0.35 | +.000004 1923.5 21.97 000254 1943.5 25.61 .000296 
1904.5 | 1.80 | 000021 1924.5 22.29 | 000258 1944.5 26.08 .000302 
1905.5 | 3.26 .000038 1925.5 | 22.55 000261 1945.5 26.57 .000308 
1906.5 | + 1.69 | +.000054 1926.5 | +22.72 +.000263 1946.5 27.08 +.000313 
1907.5 6.11 | 000071 1927.5 | 22.82 000264 1947.5 27.61 | .000320 
1908.5 7.51 000087 1928.5 22.92 000265 1948.5 28.15 | .000326 
1909.5 | 8.99 | 000103 1929.5 23.05 000267 1949.5 28.94 .000335 
1910.5 10.28 | 000119 1930.5 23.18 000268 1950.5 | 29.42 | .000341 
} 
1911.5 | +11.64 | +.000135 1931.5 | +23.34 + .000270 1951.5 +29.59 | + 000342 
1912.5 | 12.95 | 000150 1932.5 23.50 000272 1952.5 30.21 | .000350 
1913.5 14.18 000164 1933.5 23.60 000273 1953.5 30.8 00036 
1914.5 15.31 000177 1934.5 23.64 00027 4 1954.5 31.0 | .00036 
1915.5 16.39 000190 1935.5 23.63 000273 1955.5 31.5 | .00036 
} 
1916.5 | +17.37 +.000201 1936.5 | +23.58 + .000273 1956.5 | +32 
1917.5 | 18.27 | 000211 1937.5 23.63 000273 1957.5 33 
1918.5 19.08 000221 1938.5 23.76 000275 1958.5 | 33 
1919.5 | 19.83 | 000230 1939.5 23.99 000278 1959.5 34 
1920.5 | +20.48 | + 000237 1940.5 | 424.30 | 4.000281 1960.5 | +35 





Where values are given to 0°1, they are based on incomplete observational data; those that 


are given to whole seconds are extrapolated. 


These values will usually prove to be correct; but 


the end figure may later be revised on the basis of further observational data. 


The values pre 


‘vious to 1949.5 are those of Brouwer, Astronomical Journal, 57, 133, 1952; 
his table of A7' extends over most of the 19th century. 


This table, reproduced from the “American Ephemeris and Nautical Almanac” 
for 1960, gives the differences between Universal and Ephemeris times. 
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At once the question arises: Why not 
dispense with Universal time altogether, 
and rely exclusively on Ephemeris time? 
There are several reasons why such a 
course would be inadvisable, and at least 
one why it is impossible. That reason is 
the practical necessity for navigators and 
surveyors to find their longitudes on the 
surface of the earth. They cannot carry 
with them the complicated equipment 
that is needed for determining Ephemeris 
time, and even if they could, they would 
not have enough time or the training to 
use the equipment. 

The only practical way for them to find 
their longitudes is to make a simple ob- 
servation determining local mean time, 
and to compare the result with Green- 
wich mean time, which is the same as 
Universal time. Thus, it is clear that 
radio time signals must be broadcast as 
Universal time, and it follows that ordi- 
nary clocks must be set to Universal time 
(or to some zone time based on it); other- 
wise intolerable chaos would result. 

Another reason why the general use of 
Ephemeris time would be inadvisable is 
the accuracy with which it is known at 
any moment. At the instant when an 
observer records an observation, only the 
Universal time can be known with such 
high precision that no subsequent correc- 
tion is necessary. If the observer used 
Ephemeris time instead, he would first 
have to record only an approximate value, 
and several months or years later go back 
and correct it. Obviously such a course 
would lead to unnecessary labor, confu- 
sion, and mistakes. Observers should con- 
tinue to use Universal time. 

If he wishes, however, the observer 
may immediately compare his observation 
with a prediction that has been made in 
Ephemeris time. He need only add to 
the Universal time an approximate value 
of the difference between the two, printed 
in this table from the American Ephem- 
erts. He will then have an approximate 
value of the Ephemeris time, but it is 
subject to revision and should not be 
used when his observation is published. 

It should be noted that some of the 
data in the American Ephemeris are re- 
ferred to Ephemeris time and some to 
Universal time. The latter (excepting 
pages 10-17 in the 1960 volume) are of 
lower accuracy, where an error of a second 
or so is of no consequence, as in the 
ephemerides for physical observations of 
the sun, moon, and planets. 

Particular care is necessary to avoid 
confusion about Julian dates. Normally 
these are in Universal time (counted from 





noon instead of midnight, for historical 
reasons), as is implied by their being a 
count of days. Universal time is always 
understood as being used when more than 
one decimal of a day is given, unless ex- 
pressly stated otherwise. It may occasion- 
ally be desirable to express Ephemeris 
time in a form resembling Julian dates, 
using five or six decimals of a day, but 
then care must always be taken to label 
them Julian ephemeris dates. When only 
one decimal of a Julian date is given, it 
should be evident from the context what 
is meant. For example, in the 1960 Ameri- 
can Ephemeris, the Julian dates on pages 
10-17 are clearly in Universal time, where- 
as those on pages 160-177 are in Ephemeris 
time, and might better have been labeled 
Julian ephemeris dates. 

It is to some extent illogical to reckon 
Ephemeris time in days, hours, minutes, 
and seconds. The logical procedure, which 
was actually proposed by one astronomer, 
would have been to count it in years and 
decimals of a year, since it is defined in 
terms of the year and has no exact rela- 
tion with the day. In that case it would 
be necessary, in order to compare the two 
kinds of time with each other, to be contin- 
ually multiplying and dividing numbers. 

To avoid this inconvenience, Ephemeris 
time is conventionally expressed in days, 
hours, minutes, and seconds, but the 
thing called a day in this connection is 
merely an arbitrary unit consisting of 
86,400 ephemeris seconds, and is only 
approximately equal to one actual day. 
The ephemeris second, in turn, is not 
exactly 1/86,400 of a day, but by defini- 
tion is 1/31,556,925.9747 of a tropical year. 

Observing astronomers, then, should not 
make any change in the practices they 
have always followed. On the other hand, 
the users of the observations can reform 
their customary procedures and obtain 
more accurate results. Consider the case 
of an astronomer wishing to calculate a 
really precise orbit for a minor planet, 
using observations made in a number of 
different years. He collects the observa- 
tions from the literature, but before using 
them changes the time of each by adding 
the particular correction necessary to con- 
vert it from Universal to Ephemeris time. 
He does this in all cases, whether the 
observation was made earlier than 1960 
or later. 

Once this has been done, the observa- 
tions are on the same basis as the pub- 
lished ephemerides of the sun and princi- 
pal planets — despite the label “Universal 
time” that was printed above the ephem- 
erides before 1960, a misnomer we used 
in our ignorance for want of a better. 
(The user may, if he wishes, go through 
the old volumes with a rubber stamp, 
altering the designations from Universal 
to Ephemeris time, but he will probably 
prefer to imagine the alteration made, 
without actually making it.) With the 
observations thus referred to Ephemeris 
time, the astronomer can proceed exactly 
as he used to, but if at the end of his 


198 








MARS, 1960 
FOR 08 EPHEMERIS TIME 
































Apparent Apparent Semi- | por. | True Distance Ephem- 

Date ; : ber, diam- from eris 
| Right Ascension Declination ctee | Fats | the Earth Transit 
» m : s - o °F ” ” ” | hm is 
July 1] 223 03:56 . otis | +12 5055°4 . 9..”,| 3702 5°67] 1-551 256 | 7 46 30 
7 Gon es Pat Soe S. 6 546541 * 715 20 

2} 225 50:09 166-53 13 05 05:3 844-6 3°03] 5°09 549 54 472 7 45 
3| 228 36-62 wre: 1319129 ge | 3-04] 5°70) “541 817 : car 7 4410 
4 2 31 23°17 staan 13 33 O9'1 29-7 3°04} 5°73 "537 083 4745 7 43 00 
5| 23409°72 6606] 1346568 5.05] 3:05) 5°74) 532338 4066] 741 5° 
6| 2 3656-28 | 166-56 +14 00 35:8 + eae 3:06} 5:76) 1-527 583 _ at 7 40 40 
71 239 42°84 166-8| 1414 06-1 801-6 | 3°27 5°78 +522 816 pee 7 39 30 
8 | 242 29°42 omnis 14 27 27°7 oak 3:08 5:80 +518 038 4.790 7 38 20 
9) 2 45 16-00 166. . 14 40 40°4 me 3:09] 5-82 -513 248 aie 7 3710 

3 Say oo" ‘ , -508 
10 | 2480259 6607] 1453441 og] S10] 5 $3) 508444 1 9..| 7980 
330 MARS, 1960 
EPHEMERIS FOR PHYSICAL OBSERVATIONS 
FOR 0* UNIVERSAL TIME 
Sead ——— a re —————— 
Date | Light naeaeieete | Diameter Ag+180° | Deg As-Ag Ds Ls 

| re ees EE BO Eis 

m ” | ° ° | ° ° ° 
July 1 | 12.89 | +1.0 6.03 | 131.63 | -17.42 | -42.31 —23.98 269.37 
3 | 1281 | 1.0 6.07 | 133.06 | 17.00 | 42.38 | 23.98 270.63 
5 | 12.73 | 0.9 6.11 | 184.48 | 16.57 | 42.43 23.97 271.88 
7 12.65 0.9 6.15 | 135.89 | 16.14 | 42.47 | 23.95 273.12 
9 12.57 | 0.9 6.18 137.29 15.70 | 42.50 | 23.91 274.37 





Two samples of “American Ephemeris” predictions for Mars. In the first, con- 
taining precise daily co-ordinates of the planet, the appropriate heading is 
Ephemeris time. But in the second table, used primarily by observers, the 
tabulated values change so slowly from day to day that the difference between 
Universal and Ephemeris time is not significant, and the more suitable label 
is Universal time. The five last columns in the physical ephemeris of Mars 
specify the locations of the earth and sun with respect to that planet. 


work he prepares an ephemeris, he should 
label it Ephemeris time, instead of Uni- 
versal time as formerly. 

The U.S. Naval Observatory will fur- 
nish the latest estimates of Ephemeris 
time upon request to any astronomer who 
needs them for orbit work, the estimates 
being based on observations more recent 
than the data on page viii of the 1960 
American Ephemeris. In the case of very 
recent observations, Ephemeris time can- 
not be determined with the highest pre- 
cision, and the user must decide whether 


to discard such observations or to be satis- 
fied with an approximate conversion to 
Ephemeris time. 

The innovations described have not 
been lightly made, and certainly not for 
the convenience of those who made them. 
Indeed, all persons concerned would have 
been glad to avoid the difficulties. But in 
the commissions of the International As- 
tronomical Union that have jurisdiction 
in this matter, opinion was unanimous 
that the changes were necessary for the 
continued advancement of astronomy. 





GEOCHEMICAL TABLE 
OF THE ELEMENTS 

To ascertain the abundances of the 
chemical elements in the earth’s outer 
layers is an exceedingly intricate prob- 
lem. For each element, an over-all result 
can be obtained only by carefully com- 
bining results from many analyses of 
minerals, rocks of different types, sea 
water, and other materials. Geochemists 
in many countries are actively working on 
this problem, using many recent refine- 
ments in analytical methods. As a result, 
geochemical data determined only a few 
years ago often are already obsolete. 

For this reason, Jack Green of Aero- 
Space Laboratories, Downey, California, 
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has compiled a very extensive tabulation 
of the best modern values on the com- 
position of the earth, which appeared in 
the September, 1959, Bulletin of the Geo- 
chemical Society of America. His listing 
is presented as a chart measuring two by 
four feet, in the form of a periodic table 
of the elements. For each element, he 
gives such data as its abundance in igne- 
ous, metamorphic, and sedimentary rocks, 
as well as in meteorites and in the cosmos. 
Also, there are tables of isotopes, and ex- 
tensive data on physical, chemical, and 
nuclear properties. 

Twenty-six pages are required to list 
the references cited in the author’s ele- 
ment-by-element review of abundance 
distribution. 
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In Focus 


| genes this page is one of the remark- 
able series of lunar photographs taken 
nearly 60 years ago by George W. Ritchey 
(1864-1945), with the 40-inch refractor of 
Yerkes Observatory. He is famed as the 
maker of the mirrors for the 60-inch and 
the 100-inch Mount Wilson reflectors. 
Both a gifted builder of telescopes and a 
skilled user of them, he could expose a 
plate with the 60-inch that after 11 hours 
of guiding showed perfectly circular star 
images. 

Because the large Yerkes refractor has 
an objective designed for visual observing, 
Ritchey used a yellow filter and isochro- 
matic plates for photographing the moon. 
The great focal length of this telescope — 
63} feet — and its optical excellence made 
it an exceptionally effective instrument 
for this work, when the seeing conditions 
were suitable. This combination of man 
and instrument explains why Ritchey’s 
lunar photographs of 1900-01 are still 
among the finest ever made. 

In the picture, the moon is about five 
days past full, and the lunar time of day 
in this region is late afternoon. North is 
below and west to the left, corresponding 
to the orientation of the moon’s disk in 
an inverting telescope. (In selenograph- 
ical usage, the directions east and west 
are opposite to those on earth; as seen 
from the moon, the sun rises in the west 
and sets in the east!) For convenience in 
referring to individual features, we shall 
use such notations as (2, 3), which in- 
dicates a point two inches from the left 
edge of the page and three inches from 
the upper edge. 

Covering most of the lower half of this 
moonscape is the dark oval plain, Mare 
Serenitatis. Toward the upper left, it 
merges into the crater-strewn sea Mare 
Tranquillitatis, and at the right edge is 
part of the dark expanse of Mare Va- 
porum. 

Many lunar ridges are shown to ad- 
vantage in this photograph. The most 
conspicuous is the aptly named Serpen- 
tine ridge, running north and south in 
the western part of Mare Serenitatis. It 
rises about 600 feet above the surround- 
ing plain, becoming higher near its north- 
ern end (13, 84), where it forks into two 
branches. The numerous other ridges in 
this sea are all lower. One of these, ex- 
tending northward from the crater Bessel 
(4, 63), is only 100 feet high, according 
to J. F. J. Schmidt. It underlies a bright 
streak which is discussed by Alika K. 
Herring on page 169 of this issue. 

Turning now to Mare Tranquillitatis, 





FACING PICTURE: This Yerkes Ob- 
servatory photograph of the lunar Sea 
of Serenity and its surroundings was 
taken with the 40-inch refractor by G. 
W. Ritchey around 1901. The moon 
was about five days past full. There 
are a number of photographic defects 
in the form of black specks. 








George W. Ritchey is shown here with 
the 60-inch mirror he ground and fig- 
ured for Mount Wilson Observatory. 
Lately it has been used by Dinsmore 
Alter for taking remarkably fine lunar 
photographs. 


we note west of the 16-mile crater Arago 
(4, 2) a beautiful and intricate network 
of very low ridges. G. P. Kuiper argues 
that the presence of low relief such as this 
in the seas contradicts T. Gold’s theory 
that the sea basins are filled with dust to 
a depth of hundreds or even thousands of 
feet. 

Just north and just east of Arago, dis- 
tant from this crater by one of its di- 
ameters, are two peculiar low swellings. 
These are among the most conspicuous 
examples of the lunar domes described by 
Patrick Moore on page 91 of Sky AND 
TeLEscorpe for December, 1958. Each is 
essentially a low flat-topped hill, with 
very gently sloping sides, and often sur- 
mounted by a minute craterlet. There is 
another small and symmetrical dome near 
(24, 34). 

Conspicuous in this photograph are 
many rills or clefts — long, narrow valleys 
or cracks running great distances across 
the lunar surface. One of the most strik- 
ing is the Hyginus cleft, which passes 
through the crater of that name, at the 
right edge of the page 33 inches from the 
top. To the left of it is the famous 
Ariadaeus cleft, which runs diagonally to 
the edge of Mare Tranquillitatis. 

Clefts often parallel the borders of the 
maria. For example, look at (3, 5), just 
north of the crater Plinius, for three clefts 
that are roughly concentric with Mare 
Serenitatis. Analogous clefts, running just 
inside the boundary of Mare Tranquil- 
litatis, can be seen at the extreme top 
center of the picture, just south of the 
crater Sabine (43, 3). 

Another type of lunar surface forma- 
tion that has not been studied systemati- 
cally is the small white patches that occur 
in great numbers over the maria. The 





largest of these inside Mare Serenitatis is 
Linné, at (51, 9). Some, but not all, of 
the records of Linné made before 1850 
describe it as a crater instead of a bright 
spot, but the latter has been its habitual 
appearance since then. This led some 
writers to believe that a physical change 
took place in Linné, but this is strongly 
contradicted by the careful investigations 
of W. Prinz and P. Fauth, who have ex- 
plained the mistakes made by the early 
observers. 

The great variety in appearance of lunar 
craters is well demonstrated in this photo- 
graph. Manilius (7, 53) is a well-formed 
crater about 25 miles in diameter, with 
terraced walls and a small central peak 
rising from its floor. Compare this ring 
with shadow-filled Plinius (23, 44), whose 
central hill’s summit just catches the last 
rays of the setting sun. Of a different 
character is Maclear (4, 33), a ring with 
very low walls and a flat floor that ap- 
pears nearly level with the surrounding 
plain, instead of depressed as is the case 
with normal craters. Pass 14 inches to 
the right to find Julius Caesar, a large but 
very dilapidated crater, whose western 
wall is largely lacking, while the eastern 
rim is lofty and seemingly intact. Julius 
Caesar is remarkable for the differences 
in brightness on its floor, the northern 
part being very dark. 

Last of the craters on this tour is 
Posidonius, at the left edge of the page 
and nine inches from the top. It is the 
largest of all the craters in the picture, 
being about 60 miles in diameter. In this 
view, the rays of the setting sun brightly 
illuminate the crest line of the ramparts, 
while the interior is drowned in shadow, 
except for some ridges, a hill, and a lesser 
crater that appears as a glowing ring. The 
amateur who views Posidonius with a 
large telescope under these lighting con- 
ditions will see an entrancing sight whose 
beauty can only be suggested by pho- 
tography. J. A. 





ASTRONOMY TV PROGRAMS 
FROM PHILADELPHIA 

The moon, Venus, and Mars will be in 
succession the subjects of programs in the 
Johns Hopkins File 7 series televised at 
noon on Sundays by the American Broad- 
casting Co. ‘Three astronomers from 
Philadelphia’s Franklin Institute will be 
featured. On January 3rd, I. M. Levitt, 
director of the Fels Planetarium, will 
discuss the moon; on the 10th John 
Streeter will document Venus; and on the 
17th Robert W. Neathery will talk on 
Mars. 


NEW LEUSCHNER DIRECTOR 

Louis G. Henyey has been appointed 
director of the Leuschner Observatory 
and chairman of the astronomy depart- 
ment at the University of California, 
Berkeley. A member of the faculty since 
1947, Dr. Henyey will continue as head 
of the university's computer center. 
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Variable Stars in the Orion Nebula 


LeiF J. RoBinson, Griffith Observatory and Planetarium 


HE GREAT NEBULA veiling the 
Oe akistc star Theta in Orion’s sword 

has fascinated both amateur and 
professional astronomers ever since its 
discovery by Cysatus in 1618. This vast 
mass of softly glowing gas is a beautiful 
sight even in small telescopes, and an 
object of marvel in larger instruments. 

One most interesting feature of the 
Orion nebula is its large number of vari- 
able stars, a characteristic not discovered 
until the early years of this century. These 
are known interchangeably as nebular or 
extrinsic variables. The term nebular is 
well suited to such objects, for they occur 
in abundance in the many dense patches 
that are features of the 
spiral arms of our galaxy. 

The other adjective, extrinsic, is equal- 
ly appropriate, indicating that the cause 
of the light variations lies not in the 
stars themselves, but that they vary be- 
cause they are inside a nebula. The rich- 
est nest of such variables in the sky is 
within the bright central portion of the 
Orion nebula, where there are more than 


of nebulosity 
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Two of L. J. Robinson’s light curves 
for variable stars in the Orion nebula, 
from observations made in January, 
1959. The time scale is labeled with 
the last three digits of the Julian day 
numbers. Contrast the near-constancy 
of T Orionis with the brisk brightness 
oscillations of V361 Orionis. T at 
times fades to magnitude 13. 


50 variables brighter than magnitude 14.0 
at maximum light. 

At one time it was believed that the 
light variations were caused by a varying 
thickness of nebulositv drifting between 
us and the stars. In recent years, how- 
ever, the spectra of many of the Orion 
variables have been observed, and found 
to have peculiarities indicating actual in- 
teraction between the stars and the medi- 
um in which they are imbedded. 

Many of these stars are noted for the 
rapidity of their light variations, making 
them fascinating objects to observe. For 
example, within the past year V361 
Orionis had maxima of brightness every 
few days. At times, however, nebular stars 
may remain nearly or quite constant for 
long intervals. Such behavior was shown 
last winter by T Orionis, as the ac- 
companying light curve indicates. 

The typical variable star in the Orion 
nebula undergoes rapid, irregular changes 
in brightness, with an average amplitude 
of 1.5 magnitudes. This is considerably 
smaller than the average of four or five 
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N " indicated by the box in the smaller-scale chart at the left. The 
variable BM is faintest of the four Trapezium stars. 
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The sword of Orion, recorded in a 
Harvard photograph and printed with 


south upward. The brightest star, 
above the nebula, is Iota Orionis, 
which is at the top of the small-scale 
chart on the facing page. Its mag- 
nitude is 2.9. The Trapezium itself is 
concealed in bright nebulosity, close 
to the “fish-mouth” indenting the neb- 
ula from the right. 


magnitudes for the Mira-type variables 
that are commonly observed by amateurs. 

The American Association of Variable 
Star Observers has a chart of the region 
of the Orion variables. Since this was last 
revised in 1935 and needs many changes, 
I began in 1957 a special study of these 
stars for the purpose of preparing a new 
\AVSO chart. Since 1935 many new vari- 
ables have been found in the nebula by 
the Soviet astronomer P. P. Parenago, 
some of them stars that were supposedly 
nonvariable and thus were used as mag- 
nitude standards on the original AAVSO 
map. 

The new chart is shown here, together 
with a supplement, on enlarged scale, of 
the crowded region immediately surround- 
ing the Trapezium, which is Theta Ori- 
onis itself. A good selection of variable 
Stars is given, most of them bright enough 
to be observable in amateur telescopes of 
medium size. 

On these maps, comparison stars are 
labeled with their magnitudes to the near- 
est tenth, decimal points being omitted 
to avoid confusion with star symbols. 
Che sufhx J indicates that the magnitude 
was determined photoelectrically by H. 
L. Johnson (Astrophysical Journal, 126, 
134, 1957); such magnitudes are preferred, 
as being more accurate, in cases where the 





observer has a choice of comparison stars. 

Systematic co-operative observations of 
the variables in the Orion nebula have 
been carried out by Thomas A. Cragg, 
Inglewood, California (12-inch reflector 
and 6-inch refractor), Brian Bell, Holly- 
California (6-inch reflector), and 
myself with a 10-inch reflector. In addi- 
tion, all three of us shared the use of the 
Grifhth Observatory 12-inch refractor. 

The first observations were made in 
September, 1958. At that time a_ pre- 
liminary chart was prepared that con- 
tained 59 variables brighter than magni- 
tude 14.0 at maximum light. In the ver- 
sion presented here, this number has been 
reduced to 45 stars, those listed in the 
table. The preliminary work brought out 
several factors that made this reduction 
desirable from the point of view of ama- 
teur observers. 

It became evident that the brightness of 
an Orion variable should be observed at 
least every two days, in order to obtain a 
satisfactory light curve. Furthermore, our 
first observations showed differences that 
could be either personal errors or very 
rapid minor fluctuations in the stars. To 
solve this problem, we made _ intensive 
observations during January, 1959, when 
900 estimates were obtained. 

This “crash program” showed that the 
Orion variables did have minor changes 
in less than a day, but that differences 
were still sometimes considerable. There- 
fore, Mr. Bell visited each of the other 
two observers, to make simultaneous es- 
timates of the variables. The agreement 
among us was much better during this 
experiment. Other tests showed that dif- 
ferences among our telescopes did not 
affect this agreement. 

Our experience indicated that the 
Orion variables should be observed night- 
ly, and the more erratic stars two or three 
times a night. The time of each estimate 
should be recorded to the nearest minute. 

The light curves we obtained can be 
divided into four classes: 1. Those with 
no major change during several days. 2. 
Those in which continuous small fluctua- 
tions occur. 3. Those with great changes 
in brightness in the course of a few days. 
4. “Flare” curves, in which a short-lived 
increase in brightness is superimposed on 
a normal light curve. 

All of the nebular variables appear to 
change back and forth among the first 
three of these classes, perhaps 80 per cent 
spending some time in the second class 
during a year. The spectacular large- 
amplitude curves are relatively rare. 

During 1958-59 we found two stars to 
manifest flare characteristics, TU Orionis 
and MR Orionis. TU is known to have 
a K-type spectrum, normal for flare stars, 
but MR is a main-sequence A2 object. 
When the flare of MR occurred, it was 
recorded by two observers simultaneously, 
eaving little doubt of its reality. 

The Orion variables offer many oppor- 
tunities for useful work by amateurs. 
First, of course, is the need for more 


wood, 
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POSITIONS AND VISUAL RANGES 
OF VARIABLES IN ORION NEBULA 





Name R.A. Dec. Magnitude 
(1900 co-ordinates) Max. Min. 
EZ. 05* 29” 23° 05° 08’9 11.2 12.6 
IU 1] 45.7 8.8 10.0 
IX 46 26.7 12.6 13.8 
ly 47 543 12. 136 
V372 53 38.3 7.8 8.5 
KN 30 02 15.6 12.8 339.7 
KO 02 35.6 13.0 14.0 
KO 03 249. ¥295 25 
KS 05 29.3 99 10.9 
KZ 09 34.0 13.0 13.7 
LE 05 30 If ~=05 293 10:9 126 
LP 15 31.9 8.0 9.4 
V356 15 34.0 128 13.8 
LO 16 27.7 11.8 13.0 
LR 16 30.3 11.9 13.2 
LS 16 42.2 12.6 13.3 
AA 16 56.5 12.3 13.7 
LT 17 20.9 12.7 13.5 
EU 17 30.0 12.0 13.4 
LV 18 2i4 120 933 
LX 05 30 19 05 43.5 119 13.1 
BM* 21 27.1 8.1 8.8 
MP 21 So. 325 39:5 
AE 22 45.5 123 ? 
MR 22 25.7. 10.3 12.0 
MS 23 20.6 12.8 13.5 
MV 24 24:5 21.7 13,2 
FU 25 24.9 11.6 ? 
MX 26 13.2 9.6 10.5 
V358 29 $4.7 119 12.4 
AH 05 30 3 —05 13.8 12.2 13.9 
NP 3] 126 11.5 12.6 
NQ 31 19.) Ib] $24 
Al 32 15.1. 12.0 342 
AK 32 29.6 11.3 14.0 
NU 36 20.0 6.5 7.3 
V360 $7 15.4 12:5 330 
V361 37 29.2 7.8 9.6 
NV 37 37.1 9.5 53 
TV 41 05.2 129 15:1 
NZ 05 30 43 —05 30.5 119 14.2 
AN 47 $2: 105 2.) 
fl 56 32.5 9.4 12.2 
AQ 57 32.7 13.0 14.2 
AZ oP ae 15:9 822° 33a 


*BM Orionis is an Algol-type star with 
a period of 6.47055 days. 


visual observations of brightness. A num 
ber of the stars listed in the table can 
be followed with telescopes as small as 
3-inch, and practically all are observable 
in a 10-inch. Amateurs interested in sys- 
tematic work along these lines are invited 
to communicate with the writer, whose 
address is 1411 Amapola St., Torrance, 
Calif. 

An observer who has suitable photo- 
graphic equipment could make a valuable 
contribution by exposing two plates, an 
hour apart, every two days. Such photo- 
graphs would supply a needed check on 
the visual observations, and would serve 
as a flare patrol. This program should be 
carried out in yellow light to suppress the 
nebulosity, and to furnish magnitudes 
comparable to the visual ones; a 103a-D 
emulsion behind a Schott GG-11 filter is 
recommended. 








McCrea’s Theory of the Solar System’s Origin 


Orto StruvE, National Radio Astronomy Observatory* 


URING the last two centuries, many 
D scientists have attempted to explain 
how the sun and its family of plan- 
ets came into being. In two of the earliest 
of these theories that amounted to more 
than mere speculation, Kant and Laplace 
suggested sun and planets were formed 
simultaneously by a single process — the 
gradual contraction of a gaseous nebula. 
Around the year 1900, several theories 
were proposed in which the planetary 
system originated from a grazing collision 
between the sun and another star. Today, 
however, most astronomers once again 
feel that the formation of the solar system 
is closely connected with the processes 
that create stars. 

One reason for this recent reversal of 
opinion is a fatal defect of all collision 
theories — these stellar encounters are 
much too rare. Our sun, for example, is 
more than four light-years from its near- 
est neighbor star, and with a relative 
velocity of 20 kilometers per second it 
would take roughly 10° years to travel 
that distance. 

But the sun, as seen from a distance of 
four light-years, occupies only about 10 
of the entire sky; the other star, as viewed 
from the sun, may be regarded as cover- 
ing an equal area. Thus, the probability 
of the two objects striking one another 
after 100,000 years is only 2 x 10°. Even 
if we increase this value to allow for near 
misses, the probability of a particular star 
colliding with another during the entire 
past life of the galaxy (say five billion 
years) is only about 5 x 10. 

Since our galaxy contains roughly 
2 x 10" stars, perhaps only one or two 
collisions have taken place in it during 
the past five billion years. And if the sun 
had been one of the partners in such an 
encounter, our solar system would be 
practically unique. However, evidence 


from other solar-type stars seems to indi- 
cate that planetary systems are common 





| | 


in space. Collision theories, therefore, 
should be discarded. 

This evidence comes from stellar rota- 
tion. Because of the Doppler effect, light 
from the approaching part of a rotating 
star is shifted toward shorter wave lengths, 
light from the receding portion to longer 
wave lengths, thereby widening all the 
lines in the spectrum. Thus, the rota- 


EQUATORIAL VELOCITIES 


Rotations Percentage 
(km./sec.) Oe, Be O,B 

0-50 0 21 
50-100 0 51 
100-150 0 20 
150-200 1 6 
209-250 3 2 
250-300 18 O 
300-500 78 0 


*Adapted from C. W. Allen, Astrophysical 


tional velocities for many stars can be 
determined from the broadening of their 
spectral lines. 

A fact of great cosmogonical signifi- 
cance becomes apparent when we com- 
pare the rotations of stars of different 
spectral types. The table shows that most 
stars hotter than F5 (surface temperature 
6,500° absolute) are rotating rapidly, while 
cooler stars like the sun (as well as giants, 
long-period variables, and others) have 
slow rotations. Since other stellar charac- 
teristics, such as color and mass, fail to 
show any similarly abrupt change at F5, 
we must infer that some unobservable 
property accounts for this discontinuity. 

To realize the significance of this prop- 
erty, consider what the solar rotational 
velocity would be if there were no planets. 
That is, suppose all of the angular mo- 
mentum of the planets, from their orbital 
motion and rotation, were added to the 
sun’s. 

The orbital angular momentum, A, of 
a planet is the product of its mass, orbital 






VEGA 


ALTAIR 








Matching portions of the spectra of Vega and Altair. These are both A-type 

stars, but Altair’s lines are greatly broadened by rapid rotation. The effect 

is conspicuous for the magnesium line at 4481 angstroms; weaker lines, such as 
4501, are widened to near invisibility. Yerkes Observatory photograph. 
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velocity, and distance from the sun. For 
example, Jupiter has a mass of 2 x 10” 
grams, and is traveling 1.3 x 10° centi- 
meters per second, at an average distance 
of 7.8 x 10% centimeters from the sun; the 
product of these quantities is A = 1.9 x 
10°. This is practically the total angular 
momentum of Jupiter, as the planet’s 
rotation contributes little. 


OF STELLAR ROTATIONS* 
of Stars by Spectral Types 


A F0-F2 F5-F8 G,K,M 
22 30 80 100 
24 50 20 0 
22 15 0 0 
22 4 0 0 

9 1 0 0 

l 0 0 0 

0 0 0 0 


Quantities, 1955, page 186. 


Next, estimate the sun’s angular mo- 
mentum by assuming that a typical gram 
of solar material moves at a distance of 
5 x 10” centimeters from the sun’s axis 
of rotation, with a velocity of 5 x 10° 
centimeters per second. Since the solar 
mass is 2 x 10” grams, the result is 5 x 10" 
— only about 1/40 of what we just found 
for Jupiter. 

More refined calculations show that the 
total angular momentum of the solar sys- 
tem is 3 x 10°. The planets contain 98 
per cent of this, and the sun the remain- 
ing two per cent, even though the com- 
bined planetary masses are only 1/1,000 
that of the sun. Thus, if all the present 
planets were combined with the sun, its 
rotational velocity — now two kilometers 
per second at its equator — would be in- 
creased by a factor of 50. Our star would 
then be spinning fairly rapidly, at 100 
kilometers per second, like the hotter 
stars. 

The small angular momentum of the 
sun and the large amount associated with 
the planets have constituted the principal 
stumbling block of earlier cosmogonical 
theories. Laplace’s nebular hypothesis and 
several later modifications of it fail com- 
pletely to account for this important 
property of the solar system. 

Recent attempts have been made to 
explain the discrepancy. The Swedish as- 
tronomer H. Alfvén has suggested that 
the magnetic field of the sun, revolving 
with it, would tend to transfer momen- 
tum from the sun to a surrounding nebu- 
losity. V. G. Fessenkov, in the U.S.S.R., 
has suggested that about five billion years 


*Operated by the Associated Universities, Inc., 
under contract with the National Science Foundation. 





P. S. Laplace’s nebular hypothesis (1796) contained the germ of modern theories. 

He suggested that originally a large rotating nebula of hot gas cooled and 

shrank, spinning faster and faster. It was supposed to shed rings of gas that 
condensed into planets, the remainder forming the sun. 


ago the sun may have been 10 times as 
massive as now, and that the excess mass 
was lost by corpuscular emission from the 
surface layers, thereby carrying off a large 
part of the original momentum. But 
neither of these explanations accounts 
for the sharp break in the stars’ rotational 
velocities at spectral type F5. 

Several recent studies by A. Sandage, 
A. Slettebak, G. Herbig, and others, lend 
support to our working hypothesis that 
the peculiar distribution of angular mo- 
mentum among the sun and _ planets 
resulted from the manner in which the 
latter were formed. Many yellow giant 
stars of spectral types F to G have fairly 
rapid rotations. According to J. Oke and 
J. Greenstein, the star Xi Geminorum, 
with an F5 spectrum and absolute mag- 
nitude +1.9, has an equatorial velocity 
near 73 kilometers per second, if its axis 
of rotation coincides with the plane of 
the sky. The value for an F5 dwarf is 


much less than this. 
But Xi Geminorum is an old star, 
which several billion years ago was a 


blue dwarf with a surface temperature 
of about 10,000° absolute and a radius 
only half of what it is now. Because of 
its smaller size when it was a dwarf, the 
rotation would have been twice as fast 
as now, or 146 kilometers per second — 
a perfectly reasonable value for an A-type 
dwarf. 

Evidently, old stars that increase in 
size because they exhaust the hydrogen in 
their interiors preserve their original 
angular momenta. Their equatorial ve- 
locities decrease, but still remain larger 
than for dwarf stars of similar spectral 
class. Hence, we may conclude that the 
angular momentum of a star, with or 
without planets, remains reasonably con- 
stant, and is not seriously lessened by 
magnetic braking or other processes. 

These points seem to indicate that all, 
or most, solar-type stars have low rota- 
tions and therefore possess planetary sys- 
tems. It does not, however, tell us the 
mechanism by which the planets were 
formed, nor how any star, single or with 


planets, could have acquired as small an 
angular momentum as our sun’s. 

Most astronomers now believe that the 
sun and other stars originated in the 
gravitational contraction of large “cells” 
of interstellar gas and dust. We may 
visualize such a cell as a cloud perhaps 
four light-years in radius, with a mass 
roughly that of the sun. We shall assume 
that gravitationally stable condensations 
of gas can form, and that they grow more 
massive, at length becoming visible as 
black globules when seen in front of a 
bright nebula. How will this process lead 
to the formation of a solar system? 

Nebulae that are typical birthplaces of 
stars show turbulent internal motions, of 
the order of five to 10 kilometers per sec- 
ond. These are chaotic movements, 
though sometimes in well-defined stream 
patterns. If a cell of such nebulosity, con- 
taining as much material as the sun, con- 
tracts from an original density of 10 
gram per cubic centimeter to that of the 
sun, 1.4, the chaotic motions will never 
completely cancel out. Some angular mo- 
mentum will remain, and this will be 
more than the solar system now has. 

This difficulty can be overcome either 
by assuming that stars originate only in 
unusually quiescent regions of the inter- 











stellar medium, or by the mechanism W. 
H. McCrea has proposed in his new 
theory to explain the small angular mo- 
mentum of the sun. McCrea, professor 
of mathematics at the University of Lon- 
don, presented his ideas at the 1959 
Liége symposium on stellar evolution. 

Let us assume, then, that the original 
cell from which the sun formed con- 
tracted until its main body was not much 
larger than the present distance of Pluto 
from the sun. Within this sphere of 
radius (R)5 x 10 centimeters (about 40 
astronomical units), is a total mass (M) 
2 x 10” grams, equal to the sun’s. Since 
the original material was not homogene- 
ous, suppose the sphere contained N 
blobs of matter, moving with randomly 
directed velocities (V) of 10° centimeters 
per second. Such material would be cold, 
with a temperature of about 100° ab- 
solute. 

McCrea has shown the most probable 
angular momentum of the sphere’s con- 
tents equals M V R /N}. Substituting the 
numerical values we have chosen, and 
equating this to the total angular momen- 
tum of the solar system (3 x 10”), we find 
that N is 10°. From this and the volume of 
the sphere, the centers of neighboring 
blobs would be about 2 x 10” centimeters 
apart, on the average. 

The distance that a blob would travel 
before collision with another is assumed 
by McCrea to be about R, for if it were 
smaller the blobs would interact. This 
means that, if s represents the radius of a 
blob, a cylindrical path of volume 4zs°R 
would contain just one blob, statistically 
speaking. This volume is also 1/N that of 
the sphere of radius R, from which s 

10” centimeters. 

The original “protosun’”’ was presuma- 
bly an average blob that accidentally 
coalesced with one or two others, and 
thus began to act as a center of attraction 
for many more. However, had all the 
packets of matter within the sphere com- 
bined with the protosun, the sun’s angu- 
lar momentum would now be 3 x 10”, 
and not a small fraction of this. Hence, 
McCrea suggests that the only blobs com- 
bining to make the sun were those origi- 
nally moving so as to strike the protosun 

















head on. He uses 10” centimeters, con- 
190 7 : 
% siderably larger than the radius of the 
The principal planets £ average blob, for the radius of the pro- 
have greatly differing 2 tosun. We thus meet the problem of 
shares of the total angu- € collision all over again. 
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This Lick Observatory photograph of the gaseous nebula Messier 8, in Sagittarius, was taken on July 12, 1939, by N. 

U. Mayall with the 36-inch Crossley reflector. Many patches of obscuring dust are seen in silhouette against the bright 

background, of which the very smallest round specks are known as globules. These are generally regarded as dense dust 
clouds in the process of condensing into stars, perhaps in many cases to be accompanied by planets. 


blobs were practically rectilinear. Blobs 
that did not hit the target would ul- 
timately move out of the sphere, but they 
would be replaced by an equal number, 
having the proper directions, coming from 
parts of the nebula outside the sphere. 
Thus, the total mass of the sun would 
eventually become practically 
that in the sphere. However, because of 
the radial direction of their motions, these 
additional impacting blobs would bring 


equal to 


in only very little more angular momen- 
tum to the protosun. 
McCrea’s calculations show 
four per cent of the angular momentum 
of the whole sphere would be taken up 
by the growing protosun. This is a very 
reasonable value in good agreement 
with the fact that the sun now has two 
per cent of the total angular momentum 
The length of time 
accumulate N 


that about 


of the solar system. 
required for 
blobs is estimated by McCrea to be about 
100,000 years. 

This theory shows that it is possible to 


account for the small solar angular mo- 


the sun to 
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mentum and, by similar reasoning, for 
that of other 
from within the sphere of radius R, others 
from formed the Not all 


the blobs coalesced with the protosun, for 


cool stars. N_ blobs, some 


outside, sun. 
those within the sphere that had large 
angular momenta presumably formed the 
planets and satellites. 

But could many of these packets of 
material actually unite to produce a single 
giant planet like Jupiter? In other words, 
attraction between 
two contact be large 
enough to resist separation by the sun's 
gravitation? This problem is answered by 
the criterion of tidal stability, discussed 
on page 349 of Sky AnD TELEscoPE for 
June, 1956. Calculation shows that the 
blobs would coalesce to form a _ planet 
such as Jupiter, providing their radii are 
assumed to be slightly less than the rough 
value of 10” centimeters we had derived. 

More serious is the fact, pointed out 
by McCrea, that two blobs colliding head 
on with a velocity of one kilometer per 
second would generate so much heat that 


would the force of 


cond2nsations in 
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they would tend to evaporate. Probably, 
however, the relative velocity of two blobs 
moving around the protosun in approxi- 
mately the same direction was much small- 
er than this value. Moreover, a head-on 
collision between two blobs was not neces- 
sary for them to combine, and there may 
have been dust particles or suitable mole- 
cules present that could rapidly radiate a 
large amount of heat. 

The importance of the tidal-stability 
criterion in cosmogony was first clearly 
demonstrated by G. P. Kuiper, long be- 
fore McCrea developed his theory. No 
attempt has yet been made to integrate 
the two theories, but it seems to me that 
they are entirely compatible. 





CORRECTION 


In the key drawing of the moon’s far 
side on page 73 last month, the Sea of 
Dreams is not plotted, and the plain 
north of Tsiolkovsky is erroneously given 
this label. This mistake was pointed out 
by Jay H. Respler of New York City. 


OBSERVING THE SATELLITES 


Discoverers VII Anp VIII 


TTEMPTS to recover an_ elusive 
space capsule in mid-air failed again 
on two occasions last November. In the 
case of Discoverer VII, launched on No- 


vember 7th at 20:28:41 Universal time, 
malfunction of an inverter in the elec- 


trical power supply interfered with the 
satellite’s stabilizing system and its separa- 
tion sequence. For Discoverer VIII, sent 
aloft on November 20th at 19:25:24 UT, 
the capsule was apparently separated, but 
an air-and-sea search failed to locate it. 
Both the firings were from Vanden- 
berg Air Force Base in California, with 
vehicles similar to those employed earlier 
in the Discoverer series. The _ initial 
boosters were 50-ton Thor missiles. The 
second stages weighed about 1,700 pounds, 
including the 300-pound re-entry capsules, 
which were about 33 inches in diameter 


and 27 inches long. 
Radio signals from Discoverer VII 


showed that it was tumbling slowly, al- 
though this action did not prevent suc- 
cessful reception of telemetered informa- 
Separation of the capsule was 
revolution, so that 


tion. 
planned for its 17th 
Hawaii-based planes and ships might 
search for it during and after descent. 
However, the faulty inverter furnished 
insufficient power for the separation se- 
quence, and the capsule remained at- 


tached to the satellite throughout its 
lifetime. 
Discoverer VII, officially designated 


1959x, was tracked mainly through Dop- 
pler observations of its radio signals until 


November 2lst, when its transmitter ap- 
parently went silent. Radar provided the 
only additional orbital information. Ac- 
cording to Space Track, 1959« traveled in 
an orbit inclined 81.64 degrees to the 
earth’s equator. Initially its nodal period 
amounted to 94.55 minutes, perigee 
height 100 miles, and apogee 515 miles. 
This satellite fell to the earth on Novem- 
ber 26th. 

Recovery of the capsule from Discov 
erer VIII was attempted during its 15th 
revolution rather than the 17th, as origi- 
nally scheduled, since the orbital period 
of 103.66 minutes brought this crossing 
closest to the selected recovery area, south- 
east of Hawaii. Telemetry indicated that 
the capsule separated on November 21st 
at 21:20 UT, and that the retro-rocket 
fired. However, there is no evidence that 
the parachute opened, and while several 
search planes reported receiving signals 
from the capsule’s radio beacon, the hunt 
was unsuccessful. 

For Discoverer VIII, the orbital inclina- 
tion was 80.65 degrees, according to 
Space Track. Its initial apogee height of 
1,040 miles, appreciably greater than that 
of any of the earlier Discoverers, gives a 
longer expected lifetime for 1959, — 
more than three months, despite a rela- 
tively low perigee of 117 miles. 

One consequence of this longer life- 
time is the possibility of optical ob- 
servations of Discoverer VIII. Although 
launched at midday, its subsequent cross- 
ings at any given latitude occur 8.1 
minutes earlier daily, as measured by the 
local mean time at the subsatellite point. 


Thus, during the last few days of 1959 
the satellite’s southward crossings over the 
United States will occur earlier and 
earlier during morning twilight, and it 
will become visible against an increas- 
ingly dark sky. 

More strikingly, however, the north- 
ward passages over United States latitudes 
during the evening hours early in 1960 
will show Discoverer VIII illuminated 
near its perigee height at an hour when 
the sky is quite dark. 1959) will then be 
readily visible to the unaided eye. 

On the evening of January 4th, as the 
satellite passes northward over parallel 
+35°, the local mean time at a point 
directly beneath it will be about 6:13 p.m. 
Observers near this latitude ought to be- 
gin looking eastward 50 minutes earlier 
(about 5:23 p.m. local time). They 
should observe progressively closer to the 
celestial meridian as 6:13 approaches, 
afterward shifting their attention west- 
ward for another 50 minutes. 

The satellite will pass sometime during 
the 100-minute interval, as this slightly ex- 
ceeds one orbital period. For a more de- 
tailed search plan, the height above 
ground — roughly 115 miles — should be 
taken into consideration. 

The same search on later dates may be 
made eight minutes earlier for each day 
after January 4th. Once a crossing has 
been observed, the times of subsequent 
ones become approximately known from 
the period of the satellite. 


EXxpPLorER VI AND LUNIK III 


ECAUSE their radio transmitters have 
ceased functioning, it is now difficult 
to track the two artificial satellites whose 
orbits reach out farthest from the earth 





A two-stage Discoverer vehicle is being readied at Vandenberg Air Force Base, California. U.S. Air Force photograph. 
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Another photograph of the moon’s far side. This large-scale picture, of su- 
perior quality, is one of the series that Lunik III took on October 7, 1959, 
between 3:30 and 4:10 Universal time, while the probe’s distance from the 
moon was increasing from 65,200 to 68,400 kilometers. The moon’s axis is 


indicated by the two short lines, south being below. 


According to Soviet 


tracking data, when this picture was taken the center of the moon’s disk, as 
seen by Lunik III, was selenographic latitude +17°, longitude +117°. The 
dark area at the upper right is Moscow Sea; near the lower right, the compact 
black marking is the crater Tsiolkovsky. See the December issue, front cover 
and page 73, for the earlier photograph and for a key chart. The new picture 
has just been published in a 33-page Russian book, “First Photographs of the 
Reverse Side of the Moon,” issued by the U.S.S.R. Academy of Sciences. It 
was made available by Prof. A. A. Mikhailov, Pulkovo Observatory. 


into space. Explorer VI and Lunik III 
must therefore be tracked by optical 
means, although the former comes inside 
radar range at perigee, when its distance 
is about 150 miles. 

Explorer VI is the paddle-wheel satel- 
lite, launched by the United States on 
August 7, 1959. Evidently one of its pad- 
dles locked improperly, reducing the use- 
ful output of the solar batteries carried 
on them. On October 6th, ground sta- 
tions received the last transmitted data 
from the 15 experiments performed by 
this satellite. About a year will be needed 
to reduce the vast amount of information 


telemetered during the two months the 
radio functioned. 

Lunik III is the history-making probe 
that photographed the far side of the 
moon on October 7th. Russian announce- 
ments of the end of its radio transmissions 
were made in mid-November, although 
tracking data provided by unofficial Soviet 
sources suggest that the signals may have 
ceased October 26th, about three weeks 
after launching. Collision with a tiny 
meteorite is a possible cause of transmitter 
failure. 

Optical tracking of Lunik III is very 
difficult. Its unusual orbit (page 91, 
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December issue) cannot be predicted far 
in advance, and it is extremely faint even 
at perigee. Within a day or two of its 
nearest passage to the earth on November 
19th, at a distance of 29,000 miles, its 
predicted visual magnitude ranged from 
about 12 to fainter than 16. 

As mentioned here in earlier issues, 
highly elongated orbits like those of Ex- 
plorer VI and Lunik III are considerably 
influenced by the gravitational attractions 
of the moon and sun. In the case of the 
Russian satellite, 195961, any accurate 
forecast of its motion requires step-by-step 
calculations. This problem was summa- 
rir.1 at the Washington meeting of the 
American Rocket Society in November by 
Leonid I. Sedov, chairman of the Soviet 
Academy of Sciences’ spaceflight commis- 
sion and president of the International 
Astronautical Federation. 

The orbital inclination of 195961 will 
change markedly under the influence of 
the sun and moon. The inclination will 
vary from a value near 80 degrees dur- 
ing the first perigee passage to about 48 
degrees on the 10th revolution. Then, on 
the 11th circuit, the moon’s pull will in- 
crease this to about 57 degrees. Simul- 
taneously, the perigee distance will di- 
minish rapidly, and the 11th revolution 
at the end of March will be Lunik’s final 
one. It is expected to enter the earth’s 
atmosphere in the Northern Hemisphere. 

Dr. Sedov also gave more data on the 
probe’s encounter with the moon in early 
October. The total energy of the satel- 
lite, that is, the sum of its Kinetic and 
potential energies with respect to the 
earth’s center, increased almost nine per 
cent. More noteworthy, passage through 
the moon’s strong gravitational field near- 
ly tripled the angular momentum; projec- 
tion of this momentum vector upon the 
earth’s equatorial plane shows an almost 
complete reversal in direction. 

The Russian scientist discussed the fac- 
tors involved in selecting the launching 
date and time, and the trajectory of the 
moon probe. The October 4th anniver- 
sary of the first Sputnik two years ago 
happened to be a favorable time in 1959 
to send out a satellite intended to photo- 
graph the other lunar hemisphere. Con- 
trary to popular belief, choice of a launch- 
ing day for such a mission is narrowly 
prescribed. 

Among special considerations were that 
the sun properly illuminate the moon’s 
far side, and that the moon be well south 
of the celestial equator, since the rocket 
was fired from the Northern Hemisphere. 
Some trajectories required more precise 
programming than others, and the pay- 
load depended on the choice of trajectory. 
The flight duration had to be such that 
radio antennas within the Soviet Union 
could receive signals at the time of close 
approach to the moon. 


MARSHALL MELIN 
Research Station for Satellite Observation 
P. O. Box 4, Cambridge 38, Mass. 


Amateur Astronomers 


OHIO STUDENTS BUILD HIGH SCHOOL OBSERVATORY 


LMOST two years ago several stu- 

dents at the Worthington High 
School began planning an observatory. 
Their first concern was an instrument 
adequate for visual observing and a lit- 
tle research. Rick Orwig, who had some 
experience in grinding mirrors, was given 
the assignment of producing an 8-inch 
mirror; he also supplied the mirror cell, 
diagonal, and telescope tube. 

Their next problem was a suitable site 
for their building. Our high school sug- 
gested that it be constructed on its 80- 
acre campus, and the boys quickly 
agreed. 


Ground was broken in June, 





1958, and although inclement weather 
slowed progress, the double-brick walls of 
the observatory were finished early that 
fall. A commercial silo dome, 13 feet 
in diameter, was purchased and modified 
to have a slit and shutter. 

As the school year drew to a close, extra 
effort was put into the project. At our 
annual community get-together, the first 
informal open house drew about 250 per- 
sons for a view through the 8-inch {£/9 
reflector. At present the observatory is 
being used by my science classes, and |] 


am designing an electric sidereal drive 
sufficiently accurate for short time ex- 
posures. 

Various fund-raising methods were 
used. On one occasion, the boys invited 
Dr. J. Allen Hynek, Smithsonian Astro- 
physical Observatory, to give a lecture for 
them. Whenever money became low, they 
washed automobiles on Saturdays. 

Besides Mr. Orwig, the boys responsible 
for this project were Jeff Weed, Steve 
Bobrovnikoff, Sam Cushman, Ed Hopton, 
Don Brown, and Rod Garman. Robert 
Wise, president of a local ice-cream cone 
company, assisted them in the design and 


> 


Foundation work is be- 
ing done on the observ- 
atory for the Worthing- 
ton High School by a 
group of students who 
volunteered to produce 
the installation. Most 
of the money for the 
building and its 8-inch 
reflector was raised by 
the boys. These photo- 
graphs are from Merritt 
Stevenson. 


construction of the dome, and on the 
basic parts of the mounting. Earl Lane, 
their physics teacher, was in charge of 
the group last year. I took over his posi- 
tion when he was made assistant principal 
of the high school. 

Visitors are always welcome to the ob- 
servatory, and I shall be pleased to answer 
questions concerning the project. 

MERRITT STEVENSON 
Worthington High School 
300 W. Granville Rd. 
Worthington, Ohio 


MISS C. M. NOBLE DIES 

Junior astronomy lost one of its most 
ardent supporters with the passing of Miss 
Charlie M. Noble last November 30th in 
Ft. Worth, Texas. She was 82 years old. 

In 1956 Miss Noble was given the As- 
tronomical League award at the Miami 
national meeting, the first woman to be 
so honored. The planetarium at the Ft. 
Worth Children’s Museum was named for 
her. 

During World War II she taught celes- 
tial navigation to naval officer trainees, 
after she had retired as head of a high 
school mathematics department. 

Miss Noble began teaching astronomy 
at the Children’s Museum in 1947. Among 
her innovations was awarding a certificate 
to youngsters who completed the course. 
She also set up a telescope-lending library. 





MONTREAL, CANADA 

A total of 672 individual observations 
were made during the year ending Sep- 
tember 30, 1959, by the seven members of 
the naked-eye sunspot observing group 
of the Montreal Centre, Royal Astronomi- 
cal Society of Canada. Using welder’s 
glass for protection of their eyes, the seven 
made 1,082 sightings of sunspot groups. 
One observer saw 47 in 27 daily sessions 
in August, while another saw 36 groups 
on 19 days during March. 

In the society newsletter Skyward, for 
November, 1959, it is also noted that 52 
members participated in one or more of 
16 observational programs, including the 
sunspot viewing. The total attendance at 
the center’s observatory for the year was 
2,060, the Saturday evening observing 
meetings drawing 1,158 persons. 





MILWAUKEE, WISCONSIN 

We at the Milwaukee Astronomical 
Society have an opportunity to establish 
classes in astronomy and telescope making 
at the Milwaukee Vocational School. But 
before the school will schedule classroom 
space and provide the equipment and 
instructors, we must present examples of 
successful classes of this kind that have 





At the left is the nearly completed 13-foot observatory dome of Worthington High School in Ohio. Rick Orwig, at the 
right, was responsible for making the 8-inch mirror for the telescope. 
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A word from Ward... 





REMEMBER WHEN? 


1 wonder how many of my friends who 
get “Sky and Telescope” can recall reading 
headlines such as these: 


FRANKLIN D. ROOSEVELT 
RE-ELECTED PRESIDENT! 


SUPREME COURT UPHOLDS 
WAGNER ACT! 


CIVIL WAR ERUPTS IN SPAIN! 


a those headlines sound like ancient 
history? They ought to. They appeared 
in papers all over the world — 24 years 
ago. Yet the ink on those headlines was 
just about dry when Adirondack Radio 
first opened its doors for business. The 
year? You guessed it — 1936! 


a that time to this, to my knowl- 
edge, Adirondack Radio never made a 
newspaper headline. But in our own way, 
we, too, have made a little history. 


W. set our hearts on building one of 
the soundest, most reliable ham and opti- 
cal outlets to be found anywhere in the 
field of amateur, hi-fi, optical, and radio 
equipment. We increased our stock, our 
scope, and the lines we carry so that today 
the products of America’s major companies 
can be found behind our doors. To serve 
our customers better, we added new test fa- 
cilities, new personnel, increased our mail- 
order operations — and moved through a 
series of six different locations, each one 
larger than the previous one. 


J, only one major aspect have we failed 
to reach our goal: we just haven’t seen as 
many of our friends and customers — in 
person — as we'd like to! 


W ere only five minutes from the New 
York State Thruway, you know — 30 miles 


west from Albany — 50 miles east of 
Utica — Exit 27. Won’t you please drop 
in to say hello soon — real soon? We'll 


be looking for you. Thanks. 


Wud [Rake 


Before you buy or trade any optical 
equipment, drop in to see WARD, W2FEU. 
We are dealers for Bausch & Lomb, Cate, 
Unitron, Criterion, Bushnell, and others. Op- 
tical gear traded for amateur radio equipment 
and vice versa. Send for our latest ‘'used’’ list. 
6” Alvan Clark refractor on #6 equatorial 
mounting with circles. Four original eye- 


pieces, finder, star and sun diagonals, 
tripod. The reputation of Alvan Clark 
makes lengthy description unnecessary. 


Price, $1,000. Write for details. 
ADIRONDACK RADIO SUPPLY 


185-191 W. Main St., Amsterdam, N. Y. 
Phone: Victor 2-8350 Ward J. Hinkle, Owner 
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been conducted in other cities than ours. 

Does any school, society, or individual 
syllabus that we can use for a 
vuide? The information contained in 
such books as Allyn J. Thompson’s Mak- 
ing Your Own Telescope is not in the 
proper form for us to sell the kind of 


have a 


program required by the school. 

\ll suggestions and correspondence from 
Sky AND TELEscoprE readers will be grate- 
fully received. We, in turn, will share our 
progress. 

RALPH BRICHTA 
2005 N. 48th St. 
Milwaukee 8, Wis. 


THIS MONTH’S PROGRAMS 
Cleveland, Ohio: Cleveland Astronomi- 
cal Society, 8 p.m., Warner and Swasey 
Observatory. January 15, Rev. H. F. Birk- 
enhauer, S. J., John Carroll University, 
“Scientific Work in the Antarctic.” 
Dallas, Tex.: “Texas Astronomical So- 
ciety, 8 p.m., Health and Science Museum 
Planetarium. January 25, B. Connor and 
D. Bradbury, ‘““The Moon.” 


Denver, Colo.: Denver Astronomical 
Society, 8 p-m., Museum of Natural 
History. January 22, Dr. L. W. Leroy, 


Colorado School of Mines, ‘““The Geology 
of the Moon.” 

New York, N. Y.: Amateur Astronomers 
Association, 8 p.m., American Museum of 
Natural History. January 6, Dr. William 
L. Donn, Brooklyn College, “A Theory 
of Ice Ages.” 

New York, N. Y.: Junior Astronomy 
Club, 8 p.m., Waverly building, New York 
University. January 15, Owen Gingerich, 
Harvard Observatory, “Pluto.” 

Philadelphia, Pa.: Rittenhouse Astro- 
nomical Society, 8 p.m., Franklin’ Insti- 
tute. January 6, Dr. Fred Hoyle, Cam- 
bridge University, ‘““The Origin of the 
Chemical Elements.” 

Washington, D. C.: National Capital 
8:15 p.m., Commerce De- 
auditorium. January 9, Mrs. 


Astronomers, 
partment 


Jaylee M. Burley, National Aeronautics 
and Space Administration, ‘Trajectories 
Moon 


to the and Planets.” 
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WESTERN AMATEURS 
TO MEET IN SAN JOSE 


The 1960 convention of the Western 
Amateur Astronomers will be held at San 
Jose, California, August 25-27. A_ field 
trip to Lick Observatory is planned. 

On August 23rd, preceding the WAA 
conclave, there will be a meeting of the 
Western Satellite Research Network. On 
the 24th, sessions are scheduled for the 
\ssociation of Lunar and Planetary Ob- 
servers and tentatively for the American 
Association of Variable Star Observers. 


WASHINGTON, D.C. 

Fight junior members of the National 
Capital Astronomers are the subjects of 
thumbnail sketches in the society's No- 
vember, 1959, Star Dust. Under the head- 
ing, “In ‘These Hands,” the publication 
appraises its junior membership: 

“The NCA has often, during the past 
years, had various erratic and spasmodic 
eruptions of active juniors. A group will 
flare up and then silently disappear. In- 
terest in astronomy has, however, brought 
busy flocking to our doors for 
guidance. Juniors make up almost half 
of our group and are increasing much 
faster than the senior memberships.” 


minds 


A NEW ENGLAND OBSERVATORY 

Thanks are due Gordon W. Smith, of 
Ancaster, Ontario, Canada, for his basic 
plans of the observatory dome _ pictured 
here. ‘The description of Mr. Smith’s ob- 
servatory in this department for Decem- 
ber, 1958, led David Trombly and myself 
to start our project. 

The building is 10 by 12 feet, and sits 
on eight concrete-filled pillars, each eight 
inches in diameter. ‘To support my 4-inch 
Unitron refractor, an 8-by-8-inch pier, 12 
feet long, is embedded in four feet of 
concrete and extends up through the floor 
of the building without touching it. 

I shall be pleased to answer any ques- 
tions on the constructional details of this 
observatory. 

ROBERT C. BOILARD 
2 Brooklawn Rd. 
Wilbraham, Mass. 


The 74-foot dome of 
Robert C. Boilard’s ob- 
servatory rotates on rol- 
ler-skate wheels, and is 
turned by a handle op- 
posite the slit. The 
hatch comes off as a 
unit. The sides of the 
building, which shelters 
a 4-inch refractor, are of 
plywood covered with 
masonite clapboard. 


TAKING PHOTOGRAPHS WITH QUESTAR ... 


This picture of the moon is longer and wider than 
Questar’s barrel. We have trimmed a grainless 8 x 10 
print to fit this narrow space, but 16x 20 enlarge- 
ments with very little grain are practicable. Indeed, 
it is easy to hide Questar behind one of its own 
photographs. 


Many people are astonished that such professional 
work can be done with our little 7-pound portable 
jewel of telescopes, whose aperture is only 89 mm. 
Hundreds of Questar owners use their versatile in- 
struments in a variety of photographic ways. A recent 
and exotic use was the successful photographing of 
missile nose cones re-entering the atmosphere. 


Questar’s prime image of the moon is smaller than 
a dime, but this tiny image contains all the quality 
and detail that telescope and environment permit. 


Taking pictures of the lunar disk can be a most re- 
warding avocation. However, it is no job for button 
pushers, for the “rules” keep changing, and the whole 
field is yours in which to try new ways to cut the 
losses inherent in the very process. Larger-scale nega- 
tives lose less in enlarging, so perhaps the best pho- 
tographic resolution with the inexpensive 35-mm. 
film, as many Questar owners are discovering, is that 
obtained by means of eyepiece projection, which is 
described and illustrated in the Questar booklet pub- 
lished first in October °58. 


A typical set of exposures by this method is shown 
in actual size above — note the variation in time and 
density. By thus using only part of the tiny prime- 
focus image and spreading it out over the whole film, 
excellent detail is captured even with exposures of 
as much as 15 seconds duration. Here Questar’s rela- 
tively huge driving wheel (nearly half as big as the 
tube is long) insures perfect following. Questar’s 
safety clutches are set lightly, too, so the movement 
will not falter from excessive friction. The operator 
must balance his camera load by some simple means, 
often by just weighting and adjusting the star chart, 
and try to shoot near the zenith where the seeing is 
always best. 


Space forbids discussion of the many avenues one 
may explore. Much information is in our booklet, 
which also lists the several single-lens reflex-camera 
bodies that can be used with Questar. We will be 
very pleased to send you a copy without obligation. 
Questar still sells complete with fitted case for only 
$995 postpaid. 


Questar New Hope Pennsylvania 
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3-inch 
Astronomical 
Reflector 


60 to 180 Power 
An Unusual Buy! 





Assembled ready to use! See Saturn’s rings, the 
planet Mars, huge craters on the moon, star Clusters, 
moons of Jupiter, double stars, nebulae, and galaxies! 


Equatorial-type mounting with locks on_ both axes. 
Aluminized and over-coated 3”-diameter f/10 primary 
mirror, ventilated cell. Telescope comes equipped with 


a 60x eyepiece and a mounted Barlow lens, giving 4ou 
60 to 180 power A finder telescope, always so essen- 
tial, included. Sturdy, hardwood, portable tripod. 


FREE with Scope: Valuable STAR 
CHART plus 272-page “HANDBOOK 
OF THE HEAVENS” plus the book 
“HOW TO USE YOUR TELESCOPE.” 


ae EEN ovnissscissceccanessoosessessn corse’ $29.95 ppd. 


See the Stars, Moon, Planets Close Up! 


41%" ASTRONOMICAL 
TELESCOPE 


REFLECTOR TYPE — Up to 255 Power! 


With this scope you can see 
the craters on the moon, 
the rings of Saturn, double 
stars. Mirror guaranteed to 
give theoretical limit of 
resolution. Rack-and-pinion 
focusing, removable mirror 
mount, counterweight. Real 
equatorial mounting only 
one adjustment follows 
6-power finder telescope. 2 





stars! Aluminum tube 
standard-size eyepieces and mounted Barlow lens give 
you powers of 40x, 90x, 120x, 255x. Mirror f/11, 
and corrected to better than 4, wave length. FREE 
with Scope Valuable STAR CHART plus 272-page 
“HANDBOOK OF THE HEAVENS” plus “HOW TO USE 
YOUR TELESCOPE” book 


Oe eM sss coscsvasesucssontcccescese $74.50 f.o.b. 
Barrington, N. J. 


WAR-SURPLUS 
TELESCOPE 
EYEPIECE 


Mounted Kellner eyepiece, type 3 
Two achromats, focal length 28 
mm., eye relief 22 mm. An ex 
tension added, O.D. 114”, stand- 


ard for most types of telescopes 
Gov't. cost $26.50. 


Stock #5223-Y... 





. $7.95 ppd. 


Rack & Pinion Eyepiece Mounts 


Real rack-and-pinion focusing 
with variable tension adjust 
ment; tube accommodates stand- 
ard 114” eyepieces and acces 
sory equipment; lightweight 
aluminum body casting (not 
cast iron); focusing tube and 
rack of chrome-plated brass; 
body finished in black wrinkle 
paint. No. 50,077-Y is for re 
flecting telescopes, has focus 
travel of over 2”, and is made 
to fit any diameter or type tub 
ing by attaching through small 
holes in the _ base. Nos. 
$0.103-Y and 50,108-Y are for 
refractors and have focus travel 
of over 4”. W ‘ill fit our 27%” 
I.D. and our 37%” I.D. alumi 
num tubes, respectively. 





For Reflectors 


Stock #50,077-Y. (less diagonal holder)....$8.50 ppd. 
Stock 3760,049-Y. (diagonal holder only).... 1.0 ppd. 
For Refractors 

Stock 750,103-Y. .(for 27%’’ |.D. tubing)....12.95 ppd. 
Stock 350,108-Y. (for 3%’ 1.D. tubing). ...13.95 ppd. 








NEW BINOCULAR-TO-CAMERA HOLDER 
For Exciting Telephoto Shots 
Will fit any camera. 


Bring distant objects 
times nearer with a 35-mm. 
camera, 7x 50 binocular, 
and our NEW BINOCU- 
LAR-TO-CAMERA HOLD- 
ER. Ideal for photograph- 
ing the constellations, star 
clusters, the moon, as well 
as cloud formations, wild 
Camera and binocular attach easily. 
Use any binocular or monocular any camera, still 
or movie. Take color or black-and-white. Attractive 
gray crinkle and bright chrome finish, 10” long. Full 
directions for making telephotos included. 


BE Ss S vaS.eecceucecnecousacee $11.50 ppd. 


life, vistas. 


Take Pictures Through 
Your Telescope with the EDMUND 
CAMERA HOLDER for TELESCOPES 


Bracket attaches perma- 
nently to your reflecting 
or refracting telescope. 
Removable rod with ad- 
justable bracket holds 
your camera over scope’s 
eyepiece and you're ready 
to take exciting pictures 
of the moon. You can 
also take terrestrial tele- 
photo shots of distant 
objects. Opens up new 
fields of picture taking! 


SUN PROJECTION 

SCREEN INCLUDED 
White metal screen is easily at 
tached to holder and placed be- 
hind eyepiece. Point scope at 
sun, move screen to focus . 
and you can see sunspots! 


All for the low, low price of $9.95 
Includes brackets, 284,” rod, projection screen, screws, 
and directions. Aluminum . . . brackets black crinkle 
painted. 


Fr oo has Seaw ee en daecdceae $9.95 ppd. 





STANDARD 114” EYEPIECE HOLDER 


Here is an economical plastic slide- 
focus eyepiece holder for 114” 0: 
eyepieces. Unit includes ” Jong 
chrome-plated tube into “ich your 
eyepiece fits for focusing. Diagonal 
holder in illustration is extra and 
is not included. 


Stock #60,067-Y......... $2.50 ppd. 


~~ 





NEW! BOX FILES FOR MAGAZINES, 
ASTRONOMICAL 
DATA, BULLETINS 


Keep your back issues of Sky 
and Telescope and other maga- 
zines, photos, or astronomical 
data safe from dust and damage 
in handsome, sturdy box files 
that are sized to fit! Files re 
semble hand-bound books, cov- 
ered with durable, simulated-leather material. Files 
for magazines are imprinted in real gold leaf with 
name of publication and year published. Gold foil 
included for marking volume or issues in file. Other 
files, available for astronomical data or photos, have 
reference-card holder for description of contents. When 
ordering files for magazines, give name of periodical 
and year published. When ordering files for other 
materials, give dimensions needed height, depth, 
width (max. width 5”). Minimum order is two. 


Stock #19,018-Y.. 





.2 files, same or assorted 
CIEE isch sdagacenee $5.00 ppd. 


Quantity prices: 3 files, $7.00 ppd.; 6 files, $13.00 
ppd.; 50 or more, $2.00 each, ppd. 


Ideal for Beginners . . . 


STARMASTER ASTRONOMY SET! 


Bring the thrills and wonders 
of outer space right into your 
home with this fascinating, 
educational Astronomy Set. 
De Luxe, 37-piece Set in- 
cludes separate film projector 
and action pictures of a trip 
to the moon, from blast-off 
: , to return. Exciting views of 
the moon, planets, comets, distant galaxies, sun ex- 
plosions, star clusters, other space wonders. 

Also star projector and constellation projector (each 
approx. 414” high). Projectors show many great 
constellations and stars, outline forms of Big Bear, 
Sagittarius, Southern Cross and others, for easy iden- 
tification. 

Also includes 10x telescope (single-element lens, 
meniscus, nonachromatic) with 1” aperture, suitable 
for viewing the moon. 

Power source, flashlight pointer, and_ instructions 
included. Lower-priced Junior Set with single projec- 
tor also available, but without telescope. 

Stock B7O294-¥....De Luxe... i cccseccs $10.00 ppd. 
ge” 2 Be |” $ 5.00 ppd. 





TELESCOPE ROLL-FILM CAMERA 


This model uses rolls of 
#127 film. Picture area 
will be a circle 1-9/16” 
in diameter. 

The advantage of this 
model is the ease of using 
roll film. With each camera 
you get a piece of ground 
glass. Before loading film 
in the camera, you focus 
the telescope. Then lock it in this position. For 
positions other than infinity, you can scribe a mark 
on your tube. 


REMC K UMP EON Ns 5.5.5.55-0 Sav is csbeecoenacerd $29.50 ppd. 





SHEET-FILM CAMERA 


Uses het film 244” x 314” size. Camera box size is 
x 


a” x a” 


Stock sensien BN ah Sew olhe oe Rae ee $39.50 ppd. 


ASTRO COMPASS and STAR FINDER 
Gov't. Cost $75 — Price $14.95 ppd. 


Determines positions of stars quickly. 
Shows various celestial co-ordinates. 
An extremely useful star finder which 
can be rotated through 60° angles 
along calibrated degree scale. Has 
single eye lens with viewing stop, 
two spirit levels for aligning, tangent 
screw with scale for fine precision 
readings, azimuth scale graduated in 
two-degree intervals, adjustable tilt- 
ing azimuth scale for angle reference 
of stars on distant objects. War 
surplus. Gov't. cost $75.00. Instruc- 
tions, carrying case included. 


ORO Dee MMMM a oss oss ca acies aie oie Only $14.95 ppd. 





6X FINDER 
TELESCOPE 


Has crosshairs for exact locating. You focus by 
sliding objective mount in and out. Base fits any 
diameter tube — an important advantage. Has 3 
centering screws for aligning with main telescope. 20- 
mm.-diameter objective. Weighs less than 14 pound. 


ee) En PO eee eer, $8.00 ppd. 


PRISM STAR DIAGONAL 


For comfortable viewing of 
the stars near the zenith 
or high overhead with re- 
fracting telescopes using 
standard size (1144” O.D.) 
eyepieces, or you can make 
an adapter for substandard 
refractors. Contains an excel- 
lent high-quality aluminized 
right-angle prism. The tubes 
are satin chrome-plated brass. 
Body is black wrinkle cast 
aluminum. Optical path of 
the system is about 314” 


POR EU a ois o 5.51c'n:s:0.s steep oaisieeeere 
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SALE! TERRIFIC WAR-SURPLUS BARGAINS! 
AERIAL CAMERA LENSES 


Big variety . . . at a fraction of 
Gov’t. cost! £/6, 24” f.1., with 
diaphragm ey lens cone. Used. 
Weight 25 lbs. 

Stock #85, o5syy. . $39.50 f.0.b. Utah 
Same as above, but new. Weight 
25 | 

Stock “8s, 060-Y . .$59.50 f.o.b. Utah 
f/8, 40” f.1., no mount or shutter. Weight 614 Ibs. 
MOG FAM osc ct cic csc cvnccnecanees $49.50 ppd. 
f/5.6, 20” f.1., telephoto with shutter and diaphragm. 
Weight 614 Ibs. 





Stock hatte NE IOC Oe ore $65.00 ppd. 
£/4.5, 634” f.1., with shutter and diaphragm. Weight 
1 Ib., 6 ozs. 

Sia Free oo 5 io 5 5. och veces $24.50 ppd. 


These lenses are being successfully used for wide- 
aperture Moonwatch telescopes to see the small and 
fainter satellites. For eyepiece use our GIANT ERFLE. 
DOUBLE AND TRIPLE YOUR 
TELESCOPE’S POWER 
WITH A BARLOW LENS 


PRIMARY FOCUS 


Rays *~_ 
FROM 
PRIMARY 


SINGLE 
ELEMENT 
BARLOW— 





EYEPIECE 





Q 


os ’ 





WHAT IS A BARLOW? A Barlow lens is a negative 
lens used to increase the power of a telescope ‘with- 
out resorting to short focal length eyepieces, and 
without the need for long, cumbersome telescope 
tubes. Referring to the diagram above, a Barlow 
is placed the distance P inside the primary focus 
of the mirror or objective. The Barlow diverges the 
beam to a distance Q. This focus is observed with 
the eyepiece in the usual manner. Thus, a Barlow 
may be mounted in the same tube that holds the 
eyepiece, making it very easy to achieve the extra 
power. The new power of the telescope is not, as 
you might suppose, due to the extra focal length 
given the objective by the difference between P and 
Q. It is defined as the original power of the tele- 
scope times the quotient of P divided into Q 





Beautiful chrome mount. We now have our Barlow 
lens mounted in chrome-plated brass tubing, with 
special spacer rings that enable you easily to vary 
the power by sliding split rings out one end and 
placing them in other end. Comes to you ready to 
use. Just slide our mounted lens into your 114” LD. 
tubing, then slide your 1144” O.D. eyepieces into our 
chrome-plated tubing. Two pieces provided, one for 
regular focal length eyepieces and one for short focal 


length ones. 
Stock #30,200-Y... .$8.00 ppd. 


UNMOUNTED 3X BARLOW LENS 


These lenses are made for telescopes that have smaller 
diameter eyepieces than the standard 114” size. Mount 
one between the eyepiece and objective, and triple 
your power. Instructions included. Single-element 


Mounted Barlow lens... 


lens, focal eee - —1-5/16”, unmounted. 
Stock ##30,185-Y... .0.932” diam........... $3.50 ppd. 
Stock 3£30,328-Y....0.912” diam........... $2.50 ppd. 


3X ADJ JUSTABLE-DIAMETER 
BARLOW LENS 


For telescopes with eyepieces 
smaller than the standard 114” 
outer-diameter size. Prongs on 
mount can be opened or closed 
to fit tubes from 13/16” to 1” 
outer diameter. Directions for 
using included. 


Stock #30,339-Y 


8” SETTING-CIRCLE SET 
Stock #50,133-Y. .Complete set ........... $3.00 ppd. 
Stock #60,078-Y. .360° declination circle only $1.60 ppd. 


Stock #60,079-Y. .24-hour right-ascension circle only 
$1.60 ppd. 


$5.00 ppd. 





534” SETTING-CIRCLE SET 
Stock #50,190-Y..Complete set ........... $2.50 ppd. 
Stock #60,080-Y . .360° declination circle only $1.35 ppd. 


Stock #60,081-Y. .24-hour right-ascension circle only 
$1.35 ppd. 


ORDER BY STOCK NUMBER 


BARRINGTON e 


SPECIAL SALE 





No. 
lens, 131-mm. focal length; 48-mm.-diam., mounted, coated objective lens, 189-mm. f.1.; 
ing two light flint glass right-angle prisms (A, 41 mm.; 
C, 40 mm.); two mounted right-angle prisms (A, 23 mm. ; 


C, 30 mm.); two silvered tank prisms (A, 102 mm. 


OF OPTICAL PERISCOPES 


We made a lucky buy, so here is another famous Edmund 
war-surplus bargain. 
over $200.00 worth of optics in it for only $18.00 postpaid. 
At one spot, you look through and see up and out of the 
prisms at unit power; or you can look through the built-in 
telescope system and see a wide-angle view at 6x. 
remove the top prism and you have an 11°.3 6-power satel- 
lite telescope. 
size is 14” long by 7 

Now just for the bit of work involved in disassembling, 
you get a treasure-trove of precision optical parts for only 
$18.00. Glance at this list of parts and you'll realize what 
a value we are offering. 
piece with a full 68° field and 1144 
the same eyepiece used in Moonw atch telescopes, our Stock 
5160. Also included are a 38-mm.-diam. collimator 


It is a $500.00 tank periscope with 


Simply 


Brand new in original packages. Over-all 


” wide by 214” deep. 


You get a wide-angle Erfle eye- 
” focal length. This is 


prism cluster contain- 


B, 91 mm.; C, 64 mm.; and A, 41 mm.; B, 57 mm.; 


B, 34 mm. ; C, 23 mm.; and A, 40 mm. ; B, 42 mm. ; 
53 mm.; C, 38 mm.; and A, 167 mm.; B, 69 mm. 


C, 49 mm.). (See our catalog for explanation of these prism sizes.) Also some other optical "elements and 


reticles. Every amateur will find this a real value. 
they sold for $30.00 — now on sale at only $18.00. 


Greig Fe Aaa eco cnccs doses casasntarensouasecasecsasasoranscsssiestes 


EQUATORIAL MOUNT and TRIPOD 
with CLOCK DRIVE 
Heavy-duty mount. Drive operates 


on 110-volt, 60-cycle, a.c. house 
Follows motion of stars 


current. 
smoothly. 32” tripod legs in- 
cluded. 


Stock +#85,081-Y....$76.50 f.o.b. 
Barrington, N. J. 





Same mount as above, without 
clock drive, for 8” or smaller re- 
flectors and for 4” or smaller refractors. 


Stock #85,023-Y..... New Low Price..... $39.50 f.o.b. 
Barrington, N. J. 


8-POWER ELBOW TELESCOPE 


War Surplus — Amazing Buy! 
$200 Gov't. Cost—Only $13.50 
Big 2” objective, focusing 
eyepiece 28-mm. focal length, 
Amici erecting system, turret- 
mounted filters of clear, red, 
amber, and neutral, reticle il- 
lumination. Sparkling, clear, 
bright image — 6° field (325 er 
ft. at 1,000 yards). Focus 

adjusts 15 ft. to infinity. Eyepiece alone, 28-mm. 
focal length, is worth more than $12.50. 





SHOOK: FEAG UROOW ooo 6s. i605 olvcleteenin eis onve $13.50 ppd. 


GIANT MAGNETS! TERRIFIC BARGAINS! 


War Surplus Alnico_ V |. —e 
type. Horseshoe shape. Tre- 7 
mendous lifting power. 5 Ib. | 
size. Its dimensions: A — 
2 3, . 


alae: — 2%"; C — 
{-3/16”; D 144”; E — 
144”; F — 25%”. Strength 


is about 2,000 gauss. Will 
lift over 125 Ibs. 





Sat FEFO ING .oscs casa ciccce sees ncs 


153,-lb. size magnet. 
gauss rating. Will lift over 250 Ibs. 


SIMO SEGUE as os cnce sceneries encase $22.50 f.o.b. 


Shipping wt. 22 Ibs. Barrington, N. J. 


Mounted Ramsden Eyepieces 
Standard 114” Diameter 


Our economy model, standard- 
size (14,” O.D.) eyepiece. We 
mounted two excellent quality 
plano-convex lenses in black 
anodized aluminum barrels in- 
stead of chrome-plated brass to 
save you money. The clear image 
you get with these will surprise . 

you. Directions for using short focal | onal eyepieces 


are included with both the 14” and ” models. 


Stock #30,204-Y..... est focal length.....$4.75 ppd. 
Stock 330-203-Y..... ’ focal length..... $4.50 ppd. 





“MAKE-YOUR-OWN” 41/4” MIRROR KIT 
The same: fine mirror as used in our telescopes, 
polished and aluminized, lenses for eyepieces, and 
diagonal. No metal parts. 
7 ee eee $16.25 ppd. 


SEND CHECK OR MONEY ORDER 


Don't wait 


Approximately 5,000-6,000- 


order today. The last time we had these 


GIANT ERFLE EYEPIECE 


Here is an _ exciting bargain. 
We obtained a large lot of these 
eyepieces reasonably — so down 
goes the price to $9.95. Lens 
system contains 3 coated achro- 
mats over 2” in diameter. Gov't. 
cost over $100.00. Brand new, 
weight 2 pounds. The value 
will double when this lot is all 
sold, and triple and quadruple 
as years pass. Their wide ap- 
parent field is 65°. The focal 
length is 114 Lenses are in a 
metal cell with spiral threads; focusing on with 
32 threads per inch is included; diameter is 2 /16”. 
You can make some super-duper finders wah these 
eyepieces. They are also ideal for rich-field telescopes, 
which are becoming more popular daily, particularly 
in the space age. 


SWE OTTO a aos sce se wees ccc theese $9.95 ppd. 





Attention! For Beginners, Junior 
Astronomy Clubs, Boy and Girl Scouts, 
Camp Groups, School Science Clubs 


MAKE 8-POWER ASTRONOMICAL 
TELESCOPE 
with Low-Cost Beginner's Kit! 


Every boy and girl of today 
dreams of being a part of 
the exploration of outer 
space. That desire makes 
building his own telescope 


a real thrill. Now anyone 
: e) 


* 


of Cub Scout or Brownie 
age on up can make his 
own astronomical 8-power 
telescope in one evening, 
without. tools or machinery. Here is an ideal, attrac 
tive group project for scouts, junior astronomy clubs, 
or similar groups. (See special quantity prices.) Scope 
is powerful enough to show craters of the moon, 
Jupiter's satellites, and many stars not visible te the 
naked eye. Kit includes objective lens, field lens, eye 
lens, glare stops, kraftboard tubes, cadmium- plated 
metal ferrules, and other parts to build an 18”-long, 
13/,”-diameter telescope of 8 power. 





ithe DORMIT ae vsivcciccaiccnaceoetias $3.00 ppd. 
SPECIAL QUANTITY PRICES 

Stock #70,239-Y.... 5 kits...........00. $12.50 ppd. 

Stock #70,240-Y....10 kits.............. $22.50 ppd. 





BE SURE TO GET 
FREE CATALOG “Y” 
128 Pages! Over 1000 abasic 


Fantastic variety — never before »~————— 
have so many lenses, prisms, 
optical instruments, and compo- 
nents been offered from one 
source. Positively the greatest 
assembly of bargains in all 
America. Imported! War Sur- 
plus! Hundreds of other hard- 
to-get optical items. Many sci- 
ence and math learning and 
teaching aids. 

Write for Free Catalog “Y”. 
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SATISFACTION GUARANTEED! 


JERSEY 
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The only thing more amazing than tts low price 
is its breathtakin 1g performance! 
Model RV-6 


Complete with Dyn-O-Matic 
Electric Drive and All Features 
Pictured and Described on This Page 


a | G 495 


See how this 
truly portable RV-6 
f.0.b. Hartford, Conn. 


é r 
6-inch 
y © ™> Shipping Wt. 55 Ibs. 
D NAS ie? y Express Charges Collect 
‘é " 


can bring you new viewing pleasures! 


This new addition to the Dynascope line has won immediate recog- 
nition from schools, colleges, amateurs and professionals, as an out- 
standing achievement in a 6-inch telescope. Here is large aperture 
in a quality instrument which sells for a price that compares with 
many 4-inch telescopes. 

You will find that this fine new portable 6-inch offers every fea- 
ture necessary for serious astronomical viewing. The superb optical 
system resolves difficult objects with definition that is absolutely 
startling. The close tolerances of the precision construction assure 
an accuracy and smoothness of operation once associated only with 
the finest custom models. The heavy-duty mount, complete with elec- 
tric drive, provides the stability so essential for satisfactory viewing, 
yet there is easy portability because in a matter of minutes the entire 
telescope can be dismantled into three easy-to-handle sections. 

































Only Criterion’s engineering ingenuity, coupled with volume pro- 
duction and modern manufacturing methods, makes this handsome 
6-inch model available at such reasonable cost. You can order it 
with complete confidence that it will live up to your expectations in 
every way, for this assurance is guaranteed under our full-refund war- 
ranty. Send your check or money order today. Or use our liberal 
time-payment plan and take months to pay. 


You Could Pay $100 More 
Without Getting All These 


Superior Features (Except on Another Dynascope) 


1. EXQUISITE OPTICAL SYSTEM INCLUDES F/8 6-INCH PARABOLIC PYREX 
MIRROR accurate to better than Ye wave, zircon-quartz coated. Teamed 
with elliptical diagonal, mounted in 4-vane adjustable spider. 


2. NEW DYN-O-MATIC ELECTRIC DRIVE with smooth self-acting clutch that 
engages and disengages automatically as you seek different objects. Will 
not interfere when manual operation is desired. Entire drive housed in 
trim aluminum case. Plugs into ordinary household socket. 


3. CHOICE OF ANY 3 EYEPIECES from the following: 65X-18-mm. Achro- 
matic Ramsden; 100X-12.7-mm. Achromatic Ramsden; 150X-9-mm. Achro- 
matic Ramsden; 220X-6-mm. Orthoscopic; 320X-4-mm. Orthoscopic. All are 
precision-threaded, give sharp images to extreme edges. 


4. SOLID NEW EQUATORIAL MOUNT extra-reinforced design to provide 


ENJOY IT NOW — take 


up to 24 months to pay under 
our Easy Terms plan! 


Just a small down payment de- 
livers this big 6-inch DYNA- 
SCOPE. Pay the balance at your 
convenience over 6, 12, 18, or 
even 24 months! Write for de- 
tails, or order today by sending 
your check or money order with 
coupon below. 


Sound too good to be true? 
Then read what these delighted 
DYNASCOPE owners have to say: 


pillarlike stability. No annoying side play or wobble. Adjusts easily to 7 , : si oars 
any latitude. gee’ pig such ‘ pr A friend of mine has a 6- ‘‘Congratulations on the ex 
ant, Clear image could be inch telescope without electri cellence of your workmanship. 
5. SETTING CIRCLES for both right ascension and declination. Accurate to had with a telescope costing drive, for which he paid over The optics are truly amasing. 
0.0001 inch. Handsomely finished in fine aluminum. — It is one of these $300. He agrees that my I never expected such won- 
, : rare bargains that you find 2 "NASC eet y erful perk “hy 
6. 6x30 FINDERSCOPE, ACHROMATIC, COATED, with accurate crosshairs nly once or twice in a life. ot’, DYNASCOPE not only  dertul performance. 
and fine focus. Durable cast-aluminum bracket with 6 adjusting screws time . outperforms it, but is a much L.H.N. — Mass. 
allows positive collimation. ; better-looking and better-built 4 
B.S. — New Jersey instrument.’’ J.L. — New York / 


7. ROTATING RINGS FOR MAXIMUM VERSATILITY AND VIEWING COMFORT. ——_——————_ A a oo =, 
Solid-cast, chrome finish, rings are generous 1’’ wide with felt lining. - i 
Newly designed construction, with over-sized knurled adjusting knobs, | Criterion Manufacturing Co. 


affords maximum rigidity and allows for quick disassembly and portability, 
with or without tube. Dept. STR-6, 331 Church St., Hartford 1, Conn. | 


8. STRIKINGLY HANDSOME, WHITE, 50’ BAKELITE TUBE with porcelainized 
Duralite finish, durable yet light. Walls are /g’’ thick, completely insulated 
and anti-reflective blackened inside. 


9. BRASS RACK-AND-PINION EYEPIECE HOLDER has precision-cut worm and 
gear for easier, smoother, more positive focusing. Takes standard 1%’ 
oculars, negative or positive. 


10. STRONG, VIBRATION-FREE, ALL-METAL TRIPOD with easily removable 
legs. Provides sure, steady support, plus lightweight portability. 


| 
| 

CRITERION MANUFACTURING C0, |= | 
he 


[] Please send me, under your MONEY-BACK guarantee, the RV-6, 6” Dyna- 
scope. Full payment of $194.95 is enclosed. | 


Send complete information describing easy payment plans. 


Send FREE ILLUSTRATED LITERATURE of all the telescopes in the Dynascope | 


bey let 


line. 


331 Church St., Hartford 1, Conn. 


Manufacturers of Quality Optical Instruments 
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Graphic Time Table of the Heavens — 1960 


N THE FOLLOWING 

chart that is a condensed and sim- 
ple almanac, giving the rising and setting 
times of the sun, moon, and_ brighter 
planets, and much other useful astronom- 
ical information. This Graphic Time 
Fable is published annually by the Mary- 
land Academy of Sciences, through whose 
courtesy it is reproduced here for the 19th 
year. Separate copies may be obtained 
from the Maryland Academy of Sciences, 
400 Cathedral St., Baltimore I, Md., for 
35¢ each; discount on quantity orders. 
Large wall charts, 40 by 27 inches, may 
be ordered for $1.25 folded, $1.50 rolled. 


pages is a 


How To Use THE GrRaApuHic Time TABLE 

Across the top and bottom of the chart 
are marked the hours from 4 p.m. to 8 a.m.; 
the days of the year run down the chart. 
Thus any event, such as a particular sunset, 
can be read by following the horizontal line 
for the date to where it intersects the curve 
marking the this case the sunset 
Curve. 

In this way the Graphic Vime Table gives 
the rising and setting times of the sun and 
moon and the planets Mercury, Venus, Mars, 
Jupiter, and Saturn; the duration of twi- 
light; and the times when certain stars and 
other interesting objects transit, that is, cross 
The moon’s phases are also 


event, in 


the meridian. 
indicated. 

Small numbers at the left give the Julian 
day number. These numbers are a consecu- 
tive count of the days, beginning in 4713 B.c.., 
so January 1, 1960, is JD 2,436,935. Julian 
days offer a simple way to find the interval 
between two dates by a single subtraction. 
and they are widely used by astronomers, 
particularly in variable star work. The Julian 
day number changes at Greenwich noon, o1 
6 a.m., Central standard time. 

Along the midnight line are Roman nu- 
merals that indicate the sidereal time at mid- 
night, in other words, the right ascension of 
a star then at the meridian on the date in 
question. Running along the midnight line 
and crossing it is the curve for the equation 
of time, which shows how much the sun is 
fast if the curve is to the left of the midnight 
line, and how much the sun is slow if the 
curve is to the right of the line. When the 
sun is fast, it arrives at the meridian before 
12 o'clock noon, by the amount shown be- 
tween the curve and the midnight line. 

Small black circles show moonset for the 
first half of each lunar month, and small 
open circles moonrise from full to new moon, 
for longitude 90° west and latitude 40° north. 
At 75° west longitude the moon will rise 
about two minutes earlier than these times: 
at longitude 120° west, about four minutes 
later. Also plotted for the moon each day 
are little marks or “ticks,” placed at the cor- 
responding times for moonrise and moonset 
at the earth’s equator: each tick has a hori- 
zontal bar pointing toward the time at 40 
north, where the open or black moon circle 
is located. These marks aid interpolation for 
latitudes intermediate between the equator 
and 40° north, and may be used for cautious 
extrapolation to higher latitudes. 

Every curve for the rising and setting of 
the planets has a “ghost” counterpart to 
show the planet’s rising or setting at the 


equator. These curves are indicated by the 
appropriate planet symbols and the letter R 
for rises and S for sets. Fer example, the 
equatorial curve for ‘““Mercury sets” starts in 
the upper left part of the chart and is labeled 
near the line for January 14-15. 

The scale at the right is for finding rising 
or setting times of other objects. Set dividers, 
or a strip of paper, from the index at the 
center of the scale to the object’s declination, 
north or south (which must be known), and 
in the direction desired for either rising or 
setting. Measure this same distance along the 
midnight line of the chart, beginning at 
the proper right ascension indicated by the 
Roman numerals. Should this end point fall 
outside the chart, add to or subtract from the 
right ascension 12 hours and reset the di- 
viders, using the end of the scale rather than 
the center index. Through the point estab- 
lished, draw a line parallel to the vernal 
equinox line on the chart. This will show 
the time of the rising or setting of the object 
at latitude 40 


THE 

As an example, consider the night of 
January 7-8 by following the horizontal line 
for that date across the chart from left to 
The Julian day number is 2,436,941. 
We see from the chart that Saturn sets at 
$:23 p.m., 27 minutes before sunset at 
4:50, and thus will be invisible. The vernal 
equinox transits at 4:54 marking 0" local 
sidereal time on the 90th meridian. Evening 
twilight ends at 6:27. The next event is 
the upper culmination of Polaris at 6:52; it 
is then due north and directly above the 
pole. The Pleiades (M45) cross the meridian 
at 8:41: other transits are the Great Nebula 
in Orion at 10:26 and Sirius at 11:38. The 
sidereal time at midnight will be approxi- 
mately 7:05, and the line for the equation 


north. 


EVENTS OF A SINGLE NIGHT 


right. 


of time shows that the apparent sun is six 
minutes slow. The small black circle at 
2:33 a.m. marks the setting of the moon, 
which is 2% days past first quarter. Venus 
rises at 4:18, Jupiter at 5:28, and morning 
twilight begins at 5:45. Mars rises at 5:56, 
Mercury at 6:43; Polaris’ lower culmination 
occurs at 6:50; Saturn rises at 6:54. Sun- 
rise, at 7:22, brings the night to a close. 


How To Correct ror Your PosItTIon 

As in all almanacs, the times of rising and 
setting of the sun, moon, and planets are 
strictly correct for only one point on the 
earth’s surface for this chart, latitude 40 
north and longitude 90 The observer 
may easily correct for his own position. 

Correction for differences in longitude are 
chiefly to adjust one’s local time, shown by 
the Graphic Time Table, to the standard 
time of our clocks and watches. This correc- 
tion depends solely on the distance of the 
observer east or west of his standard-time 
meridian, the latter being an even multiple 
of 15 degrees: 75°, 90°, 105°, and 120° west 
longitude in the United States. In the fol- 
lowing tabulation, in minutes of time, all 
places with plus corrections are west of the 
respective standard meridian: 


west. 


Atlanta +38 Memphis 0 
Bismarck +43 Miami + 21 
Boston 16 Minneapolis +13 
Chicago 10 New Orleans 0 
Cincinnati +38 New York 4 
Dallas +27 Pittsburgh + 20 
Denver QO Rochester + 10 
Detroit +32 St. Louis +1 
Durham +16 Salt Lake City +28 
El Paso +6 San Francisco +10 
Helena +28 Santa Fe + 4 
Houston +2] Seattle + 10 
Kansas City +18 Tucson + 24 
Los Angeles 7 Washington +8 
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Q. What is a Fraunhofer-type objec- 
tive? 

A. A two-element, air-spaced lens of 
a design introduced by the German op- 
tician Joseph Fraunhofer and used in 
many astronomical refractors. Focal ra- 
tios of £/15 and f£/18 are used to lessen the 
effects of the incomplete color correction 
of a two-element lens. 


Q. Is there any east-west 
an auroral display as a whole? 


motion of 


A. The predominant motion of au- 
roras in the earth’s atmosphere is toward 
the east, according to C. W. Gartlein of 
Cornell University in his News Letter No. 
24, published for American visual aurora 
observers. 


Q. Are telephone time signals suf- 
ficiently accurate for timing occultations 
and similar astronomical phenomena? 

A. No, as these signals may be off by 
some seconds. Best results come from 
WWYV time signals, which can be received 
on almost any short-wave receiver. ‘The 
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broadcast frequencies are 2.5, 5.0, 10.0, 
15.0, 20.0, and 25.0 megacycles. Similar 
time signals are broadcast by CHU in 
Canada on frequencies of 3.33, 7.335, and 
14.67 megacycles. 

Q. May 
Newtonian 
support? 

A. This is not advised, as the flat will 
become warped by strains set up when the 
cement dries. W.E. S. 


the diagonal mirror for a 


reflector be cemented to its 





Astronomy Films 


16-mm. sound, 400-foot reels 
I THE SUN; II THE MOON; 
III SOLAR SYSTEM; IV MILKY WAY; 
V EXTERIOR GALAXIES. 


2x e SLIDES 
35-mm. STRIPS OF SLIDES 


THROUGH 200-INCH anp 
OTHER GREAT TELESCOPES 
Catalogues on request. 
International 
Screen Organization 
1445 18th Ave. North, St. Petersburg 4, Fla. 
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THE NEW ASTROLA 10-INCH f/7 DE LUXE 
IS BIGGER THAN YOU THINK! 


AMERICAN MADE 
AVAILABLE NATIONALLY ON TIME PAYMENTS 


Yes — the new 10-inch ASTROLA De Luxe is bigger in size and better 
in performance than you can imagine! While a small telescope is fine for 
gaining experience, every observer soon desires a larger instrument of 
adequate aperture. When you step up from that first small refractor, 
may we suggest an 8-inch or 10-inch De Luxe ASTROLA. With these 
apertures thousands of new deep-sky wonders are within your grasp; the 
8-inch has a limiting stellar magnitude of 14.0 the 10-inch, 15.0. 

The larger globular star clusters are easily resolved, and many spiral 
nebulae are readily seen. Close double stars are resolvable to 0.6 
second of arc in the 8-inch, and 0.5 second or better in the 10-inch, if 
seeing permits. 

More than half a dozen shadow-containing craterlets are visible on 
the floor of Plato, as well as thousands of other equally minute details 
on the moon. Late this year Mars again swings close to the earth, and 
your ASTROLA can reveal in detail the visible maria, the many canals, 
and the seasonal changes. 

Jupiter becomes a wondrous object this spring with a dozen or more 
belts and minute detail on the brilliant disk. Beautiful Saturn becomes 
more enchanting than ever before, with the delicate crape ring and 
Encke’s difficult division clearly visible when excellent seeing prevails. 

Truly, you will see all this, much more, and without any slow motions 
to control or awkward observing positions to assume, since each De 
Luxe ASTROLA has a positive, accurate synchronous electric clock drive 
and the smoothest rotating tube possible. Your eyepiece is always 
horizontal when observing anywhere in the heavens, and the fine big 
solid brass ASTROLA setting circles allow you to locate difficult objects 


quickly. Each ASTROLA is most carefully assembled, and every mirror 
is fully hand-corrected and truly paraboloidal to exceedingly close 
tolerances 


You can pay much more, but you cannot buy a better performing or 
more carefully constructed reflecting telescope than an ASTROLA De 
Luxe. We do not manufacture compound or exotic forms of telescopes 

only Newtonian reflectors, which have been the amateur’s outstanding 
reflecting telescope for 100 years. ASTROLA IS AMERICA’S MOST 


WANTED REFLECTOR. 











All-New De Luxe Model “B” 8-inch 
ASTROLA, f/7, with rotating tube, 
clock drive, setting circles, and 3 


oculars (85x, 210x, 360x, or 3 of your 
choice). $590.00 


plus $12.50 packing and crating charges 


CAVE OPTICAL COMPANY 


The Completely New De Luxe Model “C” 10-inch ASTROLA, 
f, 7, complete with rotating tube, clock drive, setting circles, 
and 4 oculars (74x, 111x, 222x, 444x, or 4 of your choice). 

$750.00 


plus $15.00 packing and crating charges 
COMPLETE ASTROLA TELESCOPES 


Standard De Luxe 
ASTROLA STUDENT, 6-inch, £/7, £/8, oF £/9 c..cccccrccccccssseeeess $194.50 —_ 
ASTROLA MODEL “A”, G-inch, £/7, OF £/8 ..........ccccccccsscccseee $325.00 $500.00 
ASTROLA MODEL “B”, 8-inch, £/6, £/7, oF £/8 c.ccceccccceccsseeeees $390.00 $590.00 
ASTROLA MODEL “C”, 10-inch, £/6, £/7, or £/8 cocccecseceeeeee $495.00 $750.00 


The CAVE ACHROMATIC 3x BARLOW LENS, in finest 
turret-lathe-machined brass mounting, is the highest- 
quality Barlow we have ever seen. Coated optics. 
Available in limited quantity. 


We have been appointed the West Coast distributor 
for Brandon Orthoscopic Oculars, which are available in 
the following focal lengths: 32 mm., 24 mm., 16 mm., 
12 mm., 8 mm., 6 mm., and 4 mm. 

Price, $15.95 each, ppd. 


NEW PYREX TELESCOPE MIRRORS AND REFIGURING 
If your present telescope is not giving truly outstanding performance, let us refigure your mirror to our standard 
quality, and furnish you an elliptical diagonal plus aluminizing, reiurn postage prepaid. 


NEW PYREX MIRRORS 
f/5 through f/10 


Price, $20.00 ppd. 


REFIGURING 
f/5 through f/10 


rey Sr eee eee reer $ 35.00 
OS  RAGTUE E PeT  erye BES i555 Goa as oe Roatan ee ae ena 50.00 
Ns 6 6 vv a Sera s keys oniceaenaaee ES s.cr ty icin a Orie acd suemeceEeeeae $ 75.00 
een gin teewanle II aig boise sive is hase oh be aawes alee $125.00 
Immediate delivery on new 6-, 8-, and 10-inch mirrors of normal focal ratio. Send for our 


newest 1960 full-color catalogue. California residents: Add 4% sales tax. 


When in the Los Angeles-Long Beach ai 
many small reflectors and refractors, plu 
Generous allowances on trade-ins. 


ea, visit our display room, Always in stock are 
s a large assortment of astronomical literature. 


4137 E. Anaheim St., Long Beach 4, Calif. 
Phone: GEneva 4-2613 
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OBSERVER’S PAGE —**"heketing Temcope | 


Universal time (UT) is used unless otherwise noted. Our kits have PYREX mirror blank. PYREX 


tool the same thickness, ample supply of optical 


OBSERVING THE MOON — BESSEL quality abrasives, fast-polishing cerium oxide, 
red rouge and pitch. Packed in metal cans 
O' the major lunar seas, Mare Sereni- poy Thickness Price 
le ma] ; sp ante 

tatis is noteworthy for the scarcity “— ee pase 

of sizable craters inside its borders. Bessel a! 12" $18.75 
is the largest; although only 10 miles in 10” 134” $33.65 
122” 2" $59.95 


diameter, it is conspicuous because of its 
comparative isolation. 

Bessel is somewhat irregular in shape, 
with a rounded interior depressed con- 
siderably below the level of the surround- 
ing plain. While there is some disagree- 
ment between measurements by different 
observers, it appears that the west and 
east walls rise to heights of about 4,700 
and 4,500 feet, respectively, above the 
floor. The western rampart reaches some 
2,000 feet above the mare surface. 

On the eastern wall are two minor ele- 
vations that cast the curious two-pronged 
outer shadow seen soon after sunrise. 
This appearance was first recorded by 
J. H. Schréter in 1794, and by many 
others since then; it is clearly shown in 
my drawing. According to J. Ashbrook’s 
determinations, these two small peaks are 
about 340 feet higher than the saddle 
between them. My approximations are in 
good agreement with his figure. 

There is little interior detail in Bessel. 
[. W. Webb once reported a central hill, 
but this has not been confirmed and it 
now seems certain that he was mistaken. 
P. Fauth detected two slight interior pro- 
jections from the north and south walls, 
and saw several delicate clefts upon 
the floor, concentric with the wall. These 
details are not easily seen in instruments 
of ordinary size. Perhaps the most con- 
spicuous feature is the low terrace at the 
foot of the inner east wall. 

Bessel is situated astride one of the 
long, low ridges that cross Mare Serenitatis 
in a generally north-south direction. This 
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H. P. Wilkins made this sketch of 

Bessel on April 19, 1953, with the 33- 

inch refractor of Meudon Observatory. 

Note the delicate clefts numbered 1 
and 2 by him. 


ADD POSTAGE: Ist and 2nd postal zones 
from Detroit, add 5%; 3rd and 4th, add 
10%; Sth and 6th, add 15%; 7th and 8th, 
add 20%. Or we will ship C.O.D. 


; Send for free catalog of supplies, 
accessories, and refracting telescopes. 
ASHDOWNE BROS. 


18450 Grand River Detroit 23, Michigan 
4444444 444444444644464444444464 





WIDE-FIELD EYEPIECES 


The crater Bessel and its associated g Y ry 
ridges, as drawn by Alika K. Herring 


with a 123-inch reflector, 236x eye- 





Famous Bausch and Lomb make, mint new. 


piece. Shortly before this time, 4:10 Kellner type with high eyepoint, clear flat-to-the- 

UT on May 14, 1959, the sun had edge field. Balcoted throughout. Limited supply. 
em oe pone , = Expect refund if late. Present comparable list 
risen on this part of the moon. price 3 to 4 times higher. 


A. 37-mm. E.F.L.—$6.00; B. 24-mm. E.F.L.—$6.00; 
C. 17-mm. E.F.L.—$6.00; D. 9-mm. E.F.L.—$6.00; 


ridge originates near the center of the E. Animar model, 3-element, Balcoted, 12-mm. E.F.L., 
sea, runs southward to the crater, and f/2.8 lens—-$6.00. ; 
Please remit payment with order. 
there makes a sharp bend to the south- Add 25¢ postage per ocular. 
~ : : Sushings to fit your size tubing available. 
west, continuing to near Promontorium an “MARRY. saea staat 


\cherusia. Associations of this kind — 
between ridges and craters — are more 


59-61-63 Reade St., New York 7, N. Y. 











| GARTH ACCESSORIES 


TRIGARTH TURRET Holds three standard 14,” O.D. 
$ 


eyepieces. 15.95 ppd. 
RACK AND PINION Machined from solid aluminum 


castings. Main tube, 134” long; sliding tube, 2”; 
total movement, 33”. Takes standard 11,” eyepieces. 
Gray or black crackle finish. $15.95 ppd. 
(Both Turret and Rack and Pinion as illustrated at 
left, $31.90 ppd.) 
WIDE-ANGLE RAMSDEN EYEPIECES Precision made, 
standard 1144” O.D. Three sizes: 44”, 4”, and WW” 
E.F.L. $7.00 each, ppd. 
MIRROR CELLS Light sturdy aluminum: Spring-adjusted 
to absorb shocks. Cut away for ventilation. 

6", $7.00; 8’, $11.50; 10’, $35.00; ppd. 
ELLIPTICAL DIAGONAL HOLDER Accurately machined 
from solid brass to fit 1,” minor-axis elliptical diagonal. 
Fully adjustable for rotational and longitudinal movement. 


$10.00 ppd. Lf 


Satisfaction guaranteed. Write for free catalog. 


GARTH OPTICAL co. Springfield 1, Mass. 

















DE LUXE 
SKYSCOPE 
As illustrated — with new plastic 


tube, 6x finder, heavy all-metal tri- 
pod, equatorial mounting, and 60x 
eyepiece. 


Price $44.75 


Unconditionally guaranteed. 
100% American made. 


Write for free brochure showing our 
standard model which has been sold 
world-wide for over 20 years. Sky- 
scope still remains outstanding in 
value by any comparison. 


THE SKYSCOPE CO., INC. 


P. ©. Box 55S, Brooklyn 28, N. Y. 
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1/4—1/8—1/20—1/40 WAVE? 


Perhaps it is time to attempt to inject some perspective into a situation that bids 





fair to leave the potential customer for a paraboloidal telescope mirror in a quandary, 


wondering just whom to believe, and where to buy. 


Plate glass — With this material, probably anything better than about 1-wave surface 
| accuracy is meaningless in use, considering the large expansion coefficient of plate glass. 


Pyrex — 1/20 wave, or perhaps sgmewhat better, is meaningful here, since to a 
considerable extent pyrex will stand some temperature variation in observing use. 1/40 
wave or better can be achieved in the laboratory under careful temperature control, but 
this means little in the field use of pyrex. 


Fused quartz — Here is an entirely different matter, and 1/40 wave or better means 
something, even under field conditions, assuming no drastic temperature changes occur 
within a short period. I will be glad to quote on telescope mirrors of much higher than 
1/20-wave precision, but only in fused quartz, where it is meaningful because of its very 
| low coefficient of expansion. 


NEW 1/20-WAVE PYREX MIRRORS, with 1/10-wave diagonal 


6-inch £/9....$95.00; 8-inch f£/8....$155.00; 10-inch f/8 or f/7....$255.00; 1214-inch £/8 
or f/7....$8395.00. Retouching defective mirrors: 60% of these prices. See previous ads 


for terms. 


Send for free booklet, The Reflecting Telescope. 1 believe you will find it to be of 
interest and use in considering this form of instrument. 
| uv O ties 1806 South Park St., Box 2053 
p Madison 5, Wisconsin 


| 








































LAFAYETTE 
EXCLUSIVE 


ASTROGRAPHIC PLANETARIUM 


% HOLD THE UNIVERSE IN YOUR 
HAND! 

% COMPLETELY PORTABLE! 

%& SELF-ILLUMINATED! 

% LOCATES AND IDENTIFIES ALL 

THE IMPORTANT CONSTELLA- 

TIONS SEEN IN OUR LATITUDES! 


125° 


Produced for the Science Minded 
— by the Science Minded. 


A totally new, portable, astronomical instrument based 
on the centuries-old principle of the planisphere. The 
Lafayette Astrographic Portable Planetarium simplifies 
the study of basic astronomy. Indoors it teaches the 
names, locations, appearances, and relative positions 
of all the major constellations observable north of 
latitude +30°. Outdoors it becomes a star finder 
without peer. Locates and identifies all the major 
constellations, stars from the Ist to 5th magnitude, 
clusters, nebulae, and the Milky Way. Adjusts for any 
hour of any diy of any month. The sky, as viewed 
through the Astrographic Planetarium, includes the 
mythological constellation figures, properly placed and 


named and precisely executed in all their intricacy 
and beauty. Superimposed celestial equator and 
ecliptic month/day and hour dial — cardinal com- 


pass points for viewing direction — ‘‘soft-lite’’ bulb. 
Includes batteries and instructions. Shpg. wt., 11/2 Ibs. 


F-500 .... . Net 12.50 


LAFAYETTE RADIO 


PLAINFIELD, N. J. 
139 W. 2nd St. 
Plainfield 6-4718 





NEWARK, N. J. 
24 Central Ave. 
MArket 2-1661 


NEW YORK, N. Y. 
100 6th Ave. 
WOrth 6-5300 


BOSTON, MASS. 
110 Federal St. 
HUbbard 2-7850 


BRONX, N.Y. 
542 E. Fordham Rd. 
FOrdham 7-8813 


JAMAICA, WN. Y. 
165-08 Liberty Ave. 


AXtel 1-7000 
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numerous than coincidence would pro- 
vide, in my belief. Interested observers 
may note for themselves many cases where 
small craters lie atop or near mare ridges, 
particularly where pronounced changes in 
direction occur. 

A curious Bessel phenomenon is the ap- 
parent displacement of the bright streak 
that extends across the crater. This ray 
seems to originate at Menelaus. Soon after 
sunrise, the part of the ray north of Bessel 
appears almost exactly aligned with the 
center of this crater. As the lunation 
progresses, the ray shifts toward the east 
until, by the time the terminator has 
reached Cassini, the ray is aligned with 
the east rim of Bessel. This pronounced 
displacement can be observed with ease 
in even small telescopes. The phenome- 
non is easily explained by the ridge, de- 
scribed above, which underlies the ray. 
Since the surface is not level, whatever 
portion of the ridge slopes toward the 
changing sun will appear brighter. 

ALIKA K. HERRING 
1312 Arlington Ave. 
Anaheim, Calif. 


A LATE-NOVEMBER AURORA 

OT for many years have the northern 

lights been seen at Houston, Texas, 
only 30 degrees north of the equator. Yet 
a red aurora was seen there by a team of 
eight amateurs who had set up a meteor 
observing station 20 miles northwest of 
Houston, the occasion of a world 
night of the IGY-IGC meteor program, 
November 27-28, 1959. 

Dennis Milon, ‘Tim Fitzgerald, and six 
other present or former members of the 
Lamar Astronomy Club first saw the au- 
roral display at 11:50 p.m. Central stand- 
ard time. It was a reddish glow along the 
northern horizon. ‘Ten minutes later the 
lights were at their strongest, white rays 
climbing to 20 or 25 degrees. The aurora 
brightened and faded until 12:45, when it 
disappeared completely. 

Another Southwest observer, Raymond 
Schmidt, Winston, New Mexico, saw the 
display at about the same time. He de- 
scribes it as a “rusty red glow.” At Den- 
ver, Colorado, the reddish glow was first 
seen out of the back of an automobile by 
John Campbell, who was going home 
from a meeting of the Denver Astronomi- 
cal Society. At 11:00 p.m. MST greenish 
yellow and red dominated the display, 
which lasted about half an hour. 

Farther north, at Rapid City, South Da- 
kota, Byron E. Painter saw rays in spite of 
heavy clouds to the north, beginning early 
in the evening, at 9:00 MST. Maximum 
brilliance was at 10 o'clock, the aurora 
later fading gradually. 

Some 1,200 miles north of Houston, at 
Detroit Lakes, Minnesota, the aurora was 
also observed as very brilliant by Gregory 
Lamb, with the temperature —7° Fahren- 
heit. The display began about 11:40 CST, 
and by 11:49 the red and green corona 
was so strong it blotted out the Pleiades. 


on 





DEEP-SKY WONDERS 


ANY an amateur has turned his tele- 

scope on brilliant Sirius on a crystal- 
clear cold winter evening, and watched 
the amazing procession of colors — reds, 
ereens, violet-blues — as the mighty star 
twinkled in the heavy mantle of frigid 
air. Few, though, take the time to drop 
their finder four degrees below Sirius and 
wait for M41 to creep into the field of 
view. 

Yet this is a pleasant experience. In 
contrast to Sirius, the field below is dark 
and vacant, allowing the eye to regain 
some of its sensitivity. After a minute or 
two this mighty galactic cluster rides into 
view. It is large — about the size of the 
full moon — and there seem to be many 
more than the 50 stars usually assigned 
to it. My best views of it have been with 
my 10-inch reflector, which does better 
justice to this cluster than even a 6-inch 
rich-field telescope. 

For those who use charts and circles, 
M41 is NGC 2287, at right ascension 
6" 44.9, declination —20° 42’ (1950 co- 
ordinates). Its total magnitude seems 
5, as I see it more readily than 
6th-magnitude M11. The amateur can 
try to estimate the visual magnitude of 


about 


this cluster by comparison with surround- 
ing stars, with the aid of binoculars racked 
far out of focus. 

Because of its declination, observers in 
southern latitudes should see much more 
than an amateur in New York, for ex- 
M41 are not 


ample. Photographs of 


commonplace. 


Many visual observers speak of seeing 
curved lines of stars in M41. Although 
they seem inconspicuous on photographs, 
the curves stand out strongly in my 10- 
inch, and the bright red star near the 
center of the cluster is prominent. 

The writer wishes to thank the many 
amateurs who write enclosing their ob- 
servations of the objects discussed here. 
The mail is too heavy to acknowledge 
each report individually, but they are all 
recorded and help shape the content and 
tone of this column. Without them, Deep- 
Sky Wonders would be handicapped. 

WALTER SCOTT HOUSTON 
Rte. 3, Manhattan, Kans. 


SIDEREAL TIME FOR 1960 

HE VALUE of sidereal time corre- 

sponding to the solar time on a par- 
ticular date differs somewhat from year to 
vear, and therefore must be taken from 
a current almanac. As explained in the 
January, 1959, page 144, the 
local sidereal time may be found from 
the formula: 

ES] GST + A + Local Time + B. 
Here LST is the local sidereal time, GST 
is the sidereal time on the Greenwich 
meridian at 0" Universal time, A depends 
on the observer’s longitude, and B con- 
verts the interval elapsed since 0" local 
time from mean to sidereal time. 

Che table of Greenwich time on page 
172 is from the American Ephemeris for 
1960, rounded to tenths of a minute. Since 
the intervals are 10 days, it is easy to 


issue on 





The open star cluster Messier 41 in Canis Major, photographed by the 48-inch 

Schmidt camera at Palomar Observatory. South is above. The very bright 

star toward the upper right is 12 Canis Majoris, magnitude 6.0. The “New 

General Catalogue” description of M41 is: very large, bright cluster; little con- 
centrated; stars of magnitude 8 and fainter. 
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The 


NATIONAL 
RADIO 
ASTRONOMY 
OBSERVATORY 


GREEN BANK, WEST VIRGINIA, 


has the following positions open: 


TELESCOPE OPERATOR 


TECHNICIAN-DRAFTSMAN 


COMPUTER 


To program and operate 
a digital computer, and do 
data reduction and general 
computational work. Ap- 
plicants should have a de- 
gree in mathematics or 
physics. Previous experi- 
ence with digital computers 
is not necessary. 


To operate the 85-foot 
and 140-foot 
scopes and their associated 


radio tele- 


electronic equipment, and 
assist in radio astronomy 
experi- 
Applicants should 


observations and 
ments. 
have experience or train- 
ing in electronics or phys- 
ics. Some college education 
desirable, but not essential 
for an otherwise well- 
qualified man. 


PHOTOGRAPHIC 


To do general darkroom 
work — copying, printing, 
enlarging, etc., and draft- 
ing. Applicants should have 
both photographic and 
drafting experience. 


These positions are all permanent, 
with opportunity for advancement. Per- 
sons interested should write: 


NATIONAL RADIO ASTRONOMY 


Personnel Manager 


OBSERVATORY 
P.O. Box 2 


Green Bank, West Virginia 


Please include resume of education 


and experience, and salary desired, in 
first letter. 
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PLANETARIUM SHADE , 


Attractively styled lamp shade provides the finish- 
ing touch for anyone interested in astronomy and 
space science. Constructed of durable translucent 
stock and printed in color. Stars appear white with 
outline of 37 constellations on deep blue background. 
Constellations of spring, summer, fall, and winter 
accurately scaled and identified by name, with 
Milky Way, zodiac, and equator outlined. Size, 12° 
diameter, 8/2" high. Supplied with clip or washer- 
type mount (specify type when ordering). Ideal gift. 
Practical and educational. $9.75 ppd. 


FAVORITE CONSTELLATIONS 
OF THE NORTHERN HEMISPHERE 


©) 1959 
the sky from declination 
This set of 33 slides on 
actual unretouched 


A photographic atlas of 

30° to the North Pole. 
35-mm. film is made up of 
photographs requiring almost three years to ob- 
tain using special equipment. Set includes 39 
slides one title, five star maps, and 33 con- 
stellations. Each slide mounted and _ identified. 
Suitable for projection with any 35-mm. equipment 
on screen and ceiling for lectures and teaching. 
This is the finest set of slides we have ever seen; 
each constellation is sharp and clear with excellent 
contrast. Instructions included. 00 ppd. 
clubs, dealers, and plane 


Inquiries from schools, 
tariums invited. 


SPACEK INSTRUMENT CO. 


1130 Sembling Ave., Pottstown, Pa. 
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interpolate for other dates, the daily 


change averaging about 3.94 minutes. Cor- 


rections A and B may be found in the 
table below. 
CORRECTION TABLE 
FOR SIDEREAL TIME 
0:00 8:14 16:45 
0.0 1.4 a £0 
0:19 8:50 2) 
5. LS hehe 2.9 
0:55 OZi ; 17:58 
0.2 1.6 3.0 
1:32 10:03 a 18:34 
0.3 1.7 3.1 
2:08 10:40 19:11 
_ 0.4 1.8 3.2 
2:45 . 11:16 19:48 
0.5 ~. £2 3.3 
3:21 : 11:52 20:24 
0.6 2.0 3.4 
3:58 12:29 21:01 a 
0.7 . «Bl ie 3.5 
1:34 13:06 21:37 : 
0.8 Bie 3.6 
5:1] 13:42 22:14 <i 
0.9 2.3 oe 
5:47 14:19 22:50 
; 1.0 se A 3.8 
6:24 14:55 7 23:27 
1.1 9.5 é 3.9 
7:01 15:32 ; 23:59 
, , Fara 16-0 2.6 
7:37 6:08 ‘: 
1.3 dee, 
8:14 16:45 
NOTE: If the mean time interval with 
which this table is entered is one of the 
tabulated values, use the larger correction. 


\s an example, suppose that for Janu- 
ary 24, 1960, we wish to calculate the local 
sidereal time corresponding to 10:46 p.m. 
Central standard time (six hours slow of 
UT) at a station in west longitude 6" 15 
(93° 45’ west). 

January 22nd is the nearest date in the 





Read This 


The Barlow 
It is achromatic, coated 
The modified Erfle 
combination gives the equivalent focal length 
is far superior to any shorter focal length ocul 


gives magnification 


teed to perform as stated above or money refur 


ORTHOSCOPIC OCULARS—AIl hard 


28-mm. $15.60 10.5-mm. 
16.3-mm. (Erfle) .... $15.30 7-mm. ... 


ie copt cS 


6565 Romaine Street 
Los Angeles 38, Calif. 





Advertisement 


up to slightly over 
and mounted to the U. S 
eyepiece has a_ fiel 


The Barlow sells for $16.00 postpaid, and the Erfle for $15.30 postpaid. 


Here is a combination of a Barlow and a particular ocular which gives outstanding results. 
It consists of our new Barlow and our 16.3-mm. (24” focal length) Erfle eyepiece. While the 
Barlow was not specifically designed to work with this eyepiece, it does so to an astonishing 
degree. All images are sharp and hard to the very edge of the field 


three times that of the ocular alone 
standard size of 1.250 inches. 


d of 75 degrees with excellent eye relief. The 
of slightly under 6 millimeters. Many users state it 
ar of equivalent magnification. 

Both are guaran- 


ided 


coated, standard 1 '/4-inch outside diameter. 


pitas saieeoe $16.80  4-mm. ................. $17.70 
Sesesnnsiieiesst $17.70 Barlow 3x. ........ $16.00 
Warranted to equal or surpass any oculars obtainabie 


inywhere or money refunded. 


Finished mirrors, mirror kits, spiders, elliptical flats, 
focusing devices, aluminizing. 


Send for catalogue. 
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The latest 


PLANETARIUM 


has been installed at 
Alma College 
Alma, Michigan 
* 


Spitz Laboratories 
Inc. 
YORKLYN, DELAWARE 
Phone: CEdar 9-5212 


« itz MODEL A-2 
P 
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GREENWICH SIDEREAL TIME 
AT 0° UT — 1960 


Jan. 2 6:42.6 June 30 = 18:32.2 
12 7:22.0 July 10 19:11.7 
ae 8:01.4 20 = 19:51.1 
Feb. ] 8:40.9 30 = =20:30.5 
11 9:20.3 Aug. 9 21:09.9 
21 9:59.7 19 21:49.4 
Mar. 2 10:39.1 29 22:28.8 
12 1421836 Sept. 8 23:08.2 
22 11:580 18 23:47.6 
Apr. 1 12:37.4 28 0:27.1 
11 13:16.8 Oct. 8 1:06.5 
21 13:56.3 18 1:45.9 
May 1 14:35.7 2 2:25.4 
it 2Setout Nov. 7 3:04.8 
2 15:54.5 17 3:44.2 
31 16:34.0 27 4:23.6 
June 10 17:13.4 Dec. 7 5:03.1 
20 17:52.8 17 5:42.5 
30 = 18:32.2 27 = 6221.9 


table, giving the GST for 0" UT as 8:01.4. 
To this add 2 x 3.94 or 7.9, to bring the 
date to the 24th, obtaining 8:09.3. This 
is the quantity GST in the formula. 

Next, 4 is constant for any given sta- 
tion and is negative for east longitudes. 
The correction table that A is 
+1.0 minute for a longitude difference of 
6:15. 

Since our assumed station is 15 minutes 
west of the standard meridian, Local 
Time will correspond to 10:46 — 0:15 = 
10:31, or 22:31 in 24-hour reckoning. If 
the station were east, then the difference 
in longitude between it and the meridian 
would be added to the standard time. 
Corrections for many cities are given on 


shows 


page 165. 

The value of B for the time elapsed 
since 0" local time, in this case 22:31, is 
read from the same table as 3.7 minutes. 

Substituting these values in the formula 
gives for the local sidereal time 

8:09.3 + 1.0 + 22:31.0 + 3.7 
or 6:45.0 
discarded. 


= 30:45.0, 


when the excess 24 hours are 


SUNSPOT NUMBERS 


The following American sunspot num- 
bers for October, 1959, have been derived 
by Dr. Sarah J. Hill, Whitin Observatory, 
Wellesley College, from AAVSO Solar Di- 
vision observations. 

October 1, 60; 2, 87; 3, 96; 4, 108; 5, 
PD 5-6; 1063-7, 120:-35,-93: “9; 82: 10: 82: 
11, 99; 12, 89; 13, 83; 14, 88; 15, 108; 16, 


119; 17, 126; 18, 108; 19, 110; 20, 105; 21, 
OF; 22, 13s 23, 164:-24, 164: 25, 150: 26, 


126; 27, 158; 28, 113; 29, 134; 30, 126; 31, 
151. Mean for October, 112.7. 

Below are provisional mean_ relative 
sunspot numbers for November, 1959, by 
Dr. M. Waldmeier, director of Zurich Ob- 
servatory, from observations there and at 
its stations in Locarno and Arosa. 

November 1, 124; 2, 121; 3, 97: 4, 93: 
5, 14:56, 74: 7, 1142-8, 122:'9; 127; 10; Fal; 
11, 144; 12, 151; 13, 149; 14, 134; 15, 123; 
16,109; 17,. 72: 18, 56: 19; 59; 20,.65:-21, 
703-22, E10; 23, 131; 24, 147: 25, 149: 26, 
149; 27, 145; 28; 117; 29; 123; 30; 135. 
Mean for November, 113.8. 





PRESENTING THE SENSATION OF 1960 


THE 


-* GRR 


Y 


x SERIES 


THE ULTRA-PRECISION EYE THAT REVEALS THE DRAMA 
OF THE LIVING UNIVERSE-- PRODUCED BY-- 


COAST INSTRUMENT THE ORIGINATOR aa “FIRSTS”! 





NEW DEVELOPMENTS 


1. INSTANT LATITUDE ADJUSTMENT with rock-steady performance. 

2. HYDRO-SMOOTH ROTATING-TUBE assembly, inconceivably smooth, a COM- 
PLETELY NEW conception — only believable when in use! 

3. Professional OPTI-SET* FINDERSCOPE, 50-mm. achromatic objective, 7-power 

helical-focusing eyepiece with crosshair reticle. 

*(Requires only 3-inch movement of head from finder to eyepiece, which is 

directly in line.) 

BUILT-IN OCULAR RACK on each side of saddle holds eight eyepieces. 

REMOTE ASSISTANCE LIGHT (illustrated in picture top right). 

QUICK DETACH-ATTACH LEGS — absolutely ROCK-STEADY — come equipped 

with removable casters (wheels) and leveling screws. 

Four-way POSITIVE-ADJUSTMENT spider (four vane). 

8. NEW PORTABILITY — only 70 SECONDS to assemble or disassemble entire 
scope for field trips. 

9. APPEARANCE — so strikingly different it beggars description! Dusk-charcoal 
mount, fiberglass tube with galactic blue, indestructible, stainproof finish. 


SCIENTIFIC ACCESSORIES AVAILABLE AT EXTRA CHARGE. 
Frequency control console transistor powered for varying speeds of motor clock drive. 
Camera adapter (will fit any camera). 
Star spectroscope (5-prism type). 
Write for additional informatic 


OUTSTANDING FEATURES 


20-YEAR UNCONDITIONAL GUARANTEE. 

GUARANTEED TO RESOLVE TO (OR SURPASS) DAWES’ LIMIT on nights of good 
seeing. 

© GUARANTEED OPTICS. 1/10th and 1/20th wave of sodium light. 

FINEST OCULARS AVAILABLE (ORTHO-STARS). Your choice of any three sizes: 
6.6 mm., 10 mm., 16 mm., 20 mm., 26.6 mm. 

CLOCK DRIVES — our regular synchro-smooth drive, and the sensational micro- 
adjust drive (as shown in illustrations); instant corrections can be made in either 
direction when electric drive is in operation. 


Os 


‘i 


All prices and specifications subject to change without notice. Prices, unless otherwise indicated, are at our warehouse in Long Beach, California. 
NOW APPOINTING DEALERSHIPS — INQUIRIES INVITED. 


charges are added. California residents: add 4% sales tax to all prices. 


The picture at the left 
illustrates the ease in 
using the new assistance 
light. This scientifically 
designed light will pro- 
duce absolutely no night 
blindness, yet will allow 
reading of circles—star 
charts—ocular sizes— 
etc. with excellent non- 
glare illumination. 





Remote Assistance Light 


The picture at the left 
illustrates one of the 
finest features—The 
manual flex-line control! 
This exclusive COAST 
device allows vibration- 
less tracking when 110 
volt current is not avail- 
able. This is again only 
one of the star studded 
GALAXY of features 
found only in COAST 
INSTRUMENT products. 





Using Our Exclusive Flex-Line Control 


FIELD TESTED FOR 14 
MONTHS UNDER ALL 
CONDITIONS... 


WRITE FOR LAB SPECIFICATION SHEET 


Prices 
OURAN, 5 ckucndicrenc ee $ 775.00 
CREEP. os cca caesarean $ 895.00 
CRAG cn $1295.00 
GMANV AEDT cockcicsivrcerds $1495.00 


TAKE MONTHS TO PAY—6, 12, 18, OR 24—IF 
DESIRED, ON OUR EXTENDED PAYMENT PLAN. 


SEND FOR OUR 68-PAGE CATALOG showing many of the other tele- 
scope items manufactured or distributed by COAST INSTRUMENT. It 
includes ‘‘WHAT YOU SHOULD KNOW, LOOK FOR, AND DEMAND, 
BEFORE BUYING ANY TELESCOPE,’ an impartial, informative article 
that will give you information you’ve probably been looking for to 
help make up your mind as to just what telescope you should buy! 


Shipping and nominal crating 


TRECKERSCOPES ARE CUSTOM MADE IN AMERICA BY PROFESSIONAL OPTICIANS AND ENGINEERS. 


COAST INSTRUMENT, 


INC. 


4811 Long Beach Blvd., Long Beach 5, Calif. 


Phone: GArfield 2-3411 or NEvada 6-7683 





“IN OPTICS SINCE 1933” 


“I 
So 
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INSTRUMENT DIVISION For Research Equipment 





3” Equatorial Refractor 







© 910-mm. focal length © 76.2-mm. clear aperture ® Micromotion controls for declination and 
right ascension @ Resolving power 1.6 seconds of arc 


Truly superior quality advanced design - optically and mechanically suitable for serious research. 00 
i (3”). 


Objective lens is 79-mm., hard-coated, air-spaced Fraunhofer achromat with clear aperture of 76.2 mm. 

Focal length 910 mm., focal ratio f/12, resolving power 1.6 seconds. 7 coated eyepieces providing 227x, 
152x, 101x, 73x, 45x, 35x, plus 25x through finder. Focusing by means of microprecise rack-and-pinion drive. 
View finder has 42-mm. (1.6’ clear aperture) objettive, 500-mm. focal length, rack-and-pinion focusing, and 
will accommodate various eyepieces. Oversized equatorial mount insures stability and smooth action. Finely 
calibrated hour and declination circles for rapid finding and setting. Micromotion controls and clamps for 
both declination and right ascension. Controls fitted with flexible shafts and oversized knobs for ease of 
positioning while viewing. White enameled, aluminum body tube for maximum strength with minimum weight. 
Accessories include 3 sunglasses, moonglass, 2 star diagonals, sun diagonal, erecting prism, sun projecting 
screen, extendable field tripod with chain brace, accessory shelf, wooden cabinet. Shipping wt. 60 Ibs. VIA 


EXPRESS ONLY. 


WNMNMDNN \Scsynsy ses fopsbeas chess ssaesebutysccpsonsassebesipoteses Ree ND cores nccsvovacesceasntssecsonantocentsessscenniboarderes Net 189.00 





3” Equatorial Refractor 


© Ultra-precise helicoid focusing © 76.2-mm. clear aperture © 7 coated eyepieces ® Most ad- 
vanced equatorial mount 


The finest 3’ refractor true research quality — within the price range of the serious amateur. Incorpo- 
rating a 79-mm. hard-coated air-spaced Fraunhofer achromat of 910-mm. focal length, with a full 3’ clear 
aperture, f/12, and resolving power of 1.6 seconds of arc. 7 coated eyepieces provide 227x, 152x, 101x, 
73x, 35x, 18x, and 25x through finder. Helicoid focusing the finest available — by means of a massive 
wheel and ultra-fine helical gear. Finder scope, with rack-and-pinion focusing, features a 1.6’’-clear-aperture 
objective of 500-mm. focal length. Provides for interchangeable eyepieces. Equatorial mount of massive 
construction and advanced design incorporates finely calibrated hour and declination circles. Micromotion 
controls with extended flexible shafts and compression locks on all axes. Accessories include 3 sunglasses, 
moonglass, sun diagonal, 2 star diagonals, sun projection screen, erecting prism, heavy extendable field 
tripod, brace, accessory shelf, separate wooden cases for telescope and mount. Shipping wt. 100 Ibs. VIA EX- 
PRESS ONLY. 


WIND cssaieh possi cokonanssncepcosesbeshstirecsseescomes nase POM ND MERIIINID osc ccoasenancnczenutssanscalstscousapesstendsinssiaans Net 269.50 


LAFAYETTE 14” TRANSPARENT CELESTIAL GLOBE 


’ x Basic Aid for Students and Teachers of Astronomy 
% Navigation > Aeronautics »& Astronautics 


FIRST TIME UNDER $100.00 


AVAILABLE ONLY THROUGH LAFAYETTE 
IN THE UNITED STATES, CANADA, AND MEXICO 


% Adjustable satellite orbits 4 Satellites travel around earth automatically 
% Adjustable sun and moon & Adjustable lunar orbital inclination + 80 
constellations — including all stars of Ist, 2nd, 3rd, and 4th magnitudes 
% Similar devices used by the Navy — Air Force — Marine Corps 


A true ‘mechanical universe.’ Designed for and dedicated to those who recognize the challenge and adventure 
that lie on the frontiers of space. The concept of the celestial sphere is the most convenient means of illustrating 
and discussing the common motions of the stars and the individual motions of the members of the solar system. 
It offers an easily used and easily understood working model of our universe. An invaluable aid in visualizing 
and identifying the stars and constellations and their relationship to each other, to terrestrial positions, and 
to times and dates. Permits an understanding of explorations in time and space beyond the earth’s atmosphere. 

The celestial sphere may be defined as a sphere of infinite radius with its center located at the center of the 
earth. The system of geocentric co-ordinates will iilustrate the true geographic zeniths of the sun and stars at 
any time on any day. Most systems of astronomical spherical co-ordinates, such as the equatorial, galactic, ecliptic, 
which are based on the celestial sphere, rotate with the sphere. The apparent contra-rotation of the stars, actually 
due to the earth rotating about an axis, is clearly demonstrated in this well-made device. 

The sphere shows how the sky will appear at any hour on any date — from any point on earth. With it 
you can tell time by the stars — learn to tell time by the sky — clearly illustrate and help solve navigational 
problems. Traces the orbits of man-made satellites and finds their overhead positions. Serves as a superb star 
chart. Sun and moon positioned by external controls. Artificial satellites automatically circle around the terrestrial 
globe. The various stars, constellations and their identifications are permanently molded —- not printed on the 


celestial sphere. 
The celestial globe is 14’’ in diameter, with the terrestrial globe centered within. Equipped with horizon 














. . ring time ring — fixed meridian ring swinging meridian ring — sun and moon pointers fixed ecliptic - 
—— et gh ea 50 detachable ‘‘planet’’ indications universal base — and complete instructions. Shipping wt. 15 Ibs. 
Tokyo Astronomical Observatory NO Pe ristetas carson maior MD RONG ec 3 -5-arcs Zoo cae avas env cidsdass cost naehcostawia adi Net 59.50 
JAMAICA 31, 
USE OUR EASY PAYMENT PLAN LAFAYETTE RADIO —_P. 0. BOX 1000 ames 





DOWN PAYMENTS AS LOW AS 


$2.00 AND UP TO 24 MONTHS | - picace send Stock # 
Mi TO PAY I Enclose $n Dept. f 
NEW YORK, N.Y. 100 Sixth Ave. LS aay ene — 




















BRONX, N.Y., 542 E. Fordham Rd. PNY a con deantcycicousoacasseshasca ca casuoncitncessaneass keustascousacomssevassnitataaenncaie 
NEWARK, N.J.__ 24 Central Ave. WN UE canes faisnsecacivahsbx.ssnasecoksxanvasacessdeayseaSesaadannttaberotcoania ataeasoetd i 
165-08 LIBERTY AVE. PLAINFIELD, N.J., 139 West 2nd St. , 
JAMAICA 33, N.Y. BOSTON, MASS., 110 Federal St. City eoncecececrescocccenccsscoosoossoccescoeeseece Cee ee | 
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BOOKS AND THE SKY oh 


PARIS SYMPOSIUM 
ON RADIO ASTRONOMY 


Ronald N. Bracewell, editor. Stanford 
Canons Press, Stanford, California, 
1959. 612 pages. $15.00. 


STRONOMY’S sudden expansion is 

nowhere so evident as in the field of 
radio astronomy. This is forcefully illus- 
trated by the present book, a 612-page 
summary describing primarily the ad- 
vances made in little more than a year. 
The advances — due mainly to higher- 
resolution techniques and more sensitive 
radio telescopes — were reported in Paris 
at a symposium held at the Cité Univer- 
sitaire from July 30 to August 6, 1958. 
This truly international meeting, at- 
tended by a large fraction of the world’s 
radio astronomers, was reported on page 
620 of Sky AND TeELEscoPrE for October, 
1958. 

This book is necessarily a 
for details of all of a single year’s work 
in radio astronomy would require many 
volumes, and new papers appear in such 
numbers that no fully comprehensive re- 
port is possible. The Paris symposium 
volume probably is the first reasonably 
coherent picture of the entire field. An 
acquaintance with its contents is a near 
necessity for anyone who professes interest 
in this subject. 

The history of science demonstrates 
that progress often occurs in a burst of 
intense activity, a flinging open of win- 
dows and a rush to report what is seen. 
The techniques of radio astronomy have, 
indeed, opened a companion atmospheric 
window to the well-known and long-used 
optical one. 

Radiations from a millimeter or so to 
20 or 30 meters in wave length can get 
through the radio window, but radio 
waves longer and shorter are completely 
blocked by the atmosphere. The radio 
universe is the same as the optical one, 
but it “looks” very different. While op- 
tical observations show us mainly the 
stars, radio reveals mainly the gases and 
electron streams around and between the 
stars. Nevertheless, radio and optical as- 
tronomy are not two different branches of 
science. Only the observing techniques 
are different; we are viewing the same 
scene through two different windows. 

The astronomical radio spectrum is 
mostly a continuum of noise, except for 
the 2l-centimeter line arising from cold 
neutral hydrogen in interstellar space. 
Like lines in optical spectra, the 2]-cm. 
feature can appear as an emission line 
overriding a weaker continuum, or as an 
absorption line cut out of a strong con- 
tinuous background. The great impor- 
tance of this unique radio line is that it 
alone can gauge the extent and speed of 
motion (by the Doppler shift) of neutral 
hydrogen in space. 

The continuous radio spectrum is of 


summary, 


two sorts, thermal and nonthermal. The 
former is black-body radiation, exactly 
analogous to its optical counterpart, and 
likewise obeying Planck’s law. This formu- 
lates the energy flux at every wave length, 
from the longest radio waves to the short- 
est ultraviolet rays, to be expected from 
a body whose temperature is specified. 

Far more intriguing is the nonthermal 
continuous radiation, strongest at long 
wave lengths and weakening rapidly 
toward the shorter. Perhaps the most 
significant subject discussed at the Paris 
symposium was the nearly certain iden- 
tification of nonthermal radiation with 
the energy lost by relativistic electrons 
(of high speed and therefore of large ef- 
fective mass) under acceleration in cosmic 
magnetic fields. 

The symposium volume divides the 
broad field of radio astronomy into six 
parts. Studies of thermal radiation from 
Venus, Mars, Jupiter, Saturn, and the 
moon, together with radar echoes from 
the moon, comprise most of the first sec- 
tion. Jupiter is the only planet definitely 
known to emit nonthermal radiation, this 
coming in bursts from five or six discrete 
sources on the Jovian surface, according 
to R. Gallet. Existence of a residual at- 
mosphere on the moon was reported to be 
revealed by lunar occultations of radio 
sources. We are still justified, however, 
in considering the lunar surface as “‘vacu- 
um packed.” 

Part II’s more than 200 pages on radio 
observations of the sun are ably sum- 
marized by M. Minnaert in its closing 
chapter. (An attractive feature of the 
book is that each major section has both 
a short introduction and a concluding 
summary.) Solar radio radiation consists 
of three parts: that from the ever-present 
“quiet sun,” the “slowly varying com- 
ponent” traced to emitting layers lying 
directly above a plage, and solar radio 
bursts. The last generally originate in 
rapidly ascending disturbances associated 
with turbulent areas on the sun, which 
can now be located on the solar disk to a 
precision of one minute of arc. As yet, 
the nature of the ascending sources is 
not clearly understood. 

Each year, from June 8th to 2lst, the 
sun occults the Crab nebula, a prominent 
radio source, thereby providing a means 
of mapping the structure of the outer 
corona. The distortion of the source by 
the corona can be observed as far out as 
20 solar radii. The net effect is an ap- 
parent progressive enlargement of the 
source as the sun nears it. 

Two closely related sections, III] and 
IV, deal with intra- and intergalactic 
radio sources. Their observation has con- 
tributed greatly to our knowledge of 
galaxies. 

R. Minkowski, long active in the iden- 
tification of nonthermal radio sources, 
has derived a new distance of 3,400 par- 
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“See-thru” 


STAR MAPS 





Luminous stars printed on clear plastic 
make star identification easy by direct 


comparison of ‘See-thru”” map and sky. 


Twelve maps systematically cover entire 


sky. All navigational stars included 
from the American Ephemeris 


co-ordinates). Unique constellation fig- 


(1960 


ures using straight lines. Gnomonic 
projection. 
Set of 12 maps .......... $4.95 ppd 


BRODER MAPS 


1368 McAllister St., San Francisco 15, Calif. 





— — Star Atlases and Books on n Astronomy — 


New: LAROUSSE ENCYCLOPEDIA 
OF ASTRONOMY $ 
AMATEUR ASTRONOMER’S 


15.00 


HANDBOOK, by J. B. one. Son. 


OBSERVATIONAL ASTRONOMY FO 
AMATEURS, by J. B. Sidgwick $10.00 


M 
ASTRONOMICAL PHOTOGRAPHY WITH 
THE TELESCOPE, by T. Rackham..$7.50 
THE MOON, by Wilkins and Moore..$12.00 


THE SKY OBSERVER’S GUIDE..... $2. 
GUIDE TO MARS, by P. Moore..........$2. 


= 


THE PLANET JUPITER, by B. Peek..$8. 50 


AMATEUR TELESCOPE MAKING 


Book 1, $5.00; Book 2, $6.00; Book 3, $7.00 
$5.25 
.$100.00 


Norton’s STAR ATLAS 
BONNER DURCHMUSTERUNG... 


1960 AMERICAN EPHEMERIS AND st 
00 


NAUTICAL ALMANA 
1960 HANDBOOK OF THE B 


ASTRONOMICAL ASSOCIATION 


"32. 25 


Write for new free list on astronomical literature. 
Books on telescope making and glassworking. All 


books of any publisher — mail your wants. 


HERBERT A. LUFT 


69-11 229th St., Oakland Gardens 64, N. Y. 




















GREETINGS TO HAWAII 


To honor our new state, Astronomy Charted 


features the following publications — two are 


astronomical. 


STARS OVER HAWAII 
By Edwin H. Bryan, Jr. A book with illus- 
trations all its own, not found elsewhere. A 
real addition to your book shelf. Many dia- 
grams and pictures that apply to that latitude. 


Paper bound, $1.25 


HAWAIIAN ALMANAC 
By Clarice B. Taylor. Illustrated by 
Laune Aiken. This really entertaining book 
has so many innovations it is hard to describe. 
It takes you back a thousand years for a 


glimpse of Polynesian folk lore and a look at 
specified for 


the lunar calendar, with days 
such activities as planting, fishing, holy days, 
cultivating the soil, and mending fishing gear. 
Each day had a moon name; 
their meanings are covered. Now that Hawaii 
has become our 50th star, 
distant past. Paper bound, 


HERE’S HAWAII 


Mary 


the months and 


travel back to its 
only 50c 


Joint authorship. A complete, colorful guide 


to the Hawaiian Islands, 
with dramatic pictures ‘and eloquent stories. 
What to do, where to go, how to get there. 
Complete, up-to-the-minute information. 
dreds of photographs, maps, color plates. 


HAWAIIAN WORDS 
AND PHRASES 


A quickie primer of the Hawaiian language 


with amusing illustrations. Handy pocket size. 


Paper bound, 
When you buy all of the above for $5.45, 
an additional $1.50 (actually half price) you 
can get the Stellascope and Stella-Navigator. 


tracing their history 


Hun- 
$3.45 


only 25¢ 
for 


NEW! ECONOMY SLIDES — Mounted without 


glass for projectors which take this type of 


slide. Also for those who desire a reasonably 
priced slide and who will take the care needed 
in using unprotected film. Single slides, 35¢. 


When ordering one of our complete slide sets 
I deduct 
rice listed. Our catalogue is 


made up of these unmounted slides, 


$3.00 from the 
yours for the asking. 


ASTRONOMY CHARTED 


33 Winfield St., Worcester 10, Mass., U.S.A. 
Phone: PL 5-6992 
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Celestial-Terrestrial Globe 


No. 736-ST-12. Device consists of an out- 
side celestial globe in which is mounted 
a brightly colored terrestrial globe. Star 
globe has names of stars and constella- 
tions, and contains a unique sun pointer. 
Terrestrial globe has names of countries 
and oceans, and is mounted on a rotating 
axis. Device may be used to demonstrate 
many earth-sky-sun relationships and to 
simplify basic concepts in astronomy and 
geography. 12” Celestial Globe with 6” 
Terrestrial Globe mounted in cradle base. 

$49.50 


Write for complete catalogue. 


SCIENCE ASSOCIATES 


Instrunmenits/W Astronomy Teaching Aids 


wiper e 


194 Nassau St., P. O. Box 216, Princeton, N. J. 





Astronomy Teaching Aids 


ES SCO Publica lions 


Teachers of astronomy, both amateur and 
professional, will find the fellowing ESSCO 
study materials useful in their classrooms. The 
test charts are challenging fun for the ama- 
teur astronomer, too! 


Sci Equatorial constellation chart 
with star designations 

SCIT Test equatorial chart without 
star or constellation names 

$c2 Circumpolar constellation chart 
with star designations (new large 
size) 

$C2T Test circumpolar chart without 
star or constellation names (new 
large size 

$508A Ecliptic-based star map with 
equatorial grid and names 

$508 Ecliptic-based star map with 


equatorial grid, without names 
$508B Ecliptic star map list — positions 
and magnitudes for 224 stars 


$505 Nine-inch protractor on paper — 
for planet orbit drawings 

$511 Inner planet chart orbits of 
Mercury, Venus, Earth, Mars 

$512 Outer planet chart orbits of 


Mercury to Saturn 
SSO1A Special rectangular co-ordinate pa- 
per for star maps 
Polar co-ordinate paper 
cumpolar star maps 
Price for each item listed above: | to 9 sheets, 
10 cents each; 10 to 24 sheets, 8 cents each; 
25 to 99 sheets, 6 cents each; 100 or more, 
5 cents each 


$502 for cir- 


From Stetson’s Manual of Laboratory Astrono- 
ny, the chapter ‘Star Chart Construction” is 
available as a separate booklet, at 50 cents per 
copy 

SPECIAL: DCS Large wal! chart of the Draper 
spectral classes, printed in four colors and 
mounted on canvas. Limited quantity. (Slightly 
damaged along edges.) $14.00 each 


SKY PUBLISHING CORPORATION 


Cambridge 38, Massachusetts 
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secs for the very strong Cassiopeia A 
source. This great increase from the old 
value of 800 parsecs indicates the fluid 
state radio astronomy. Another in- 
triguing result is the large radio size ol 


of 


galaxies that emit strongly enough to be 
observed. For instance, Centaurus A, as- 
sociated with the galaxy NGC 5128, has 
radio dimensions 30,000 100,000 
parsecs. Our own Milky Way, a giant op- 
tical galaxy, is some 30,000 parsecs across. 

The radio emission of the Milky Way 
is a composite of nonthermal and of 
thermal radiation from H-II (ionized hy- 
drogen) sources. At long wave lengths, 
the H-II regions appear as absorption 
features “hot” radio back- 
ground, while at short radio wave lengths 
they are observed as emission sources 
against a “cool” background. Thus ion- 
ized hydrogen clouds can often’ be 
mapped more easily by radio than by 
photographic methods. 

Optical identification of radio sources 
is still vexing and challenging. Only a 
small percentage of the many hundreds of 
discrete sources now catalogued have been 
identified. Most of the sources are pre- 
sumably extragalactic, but as a rule they 
cannot associated with nearby 
bright galaxies. Only 19 sources have 
been identified with normal galaxies, all 
of them late-type spirals, none normal 
ellipticals. All the so-called radio galaxies, 
whose emission is several times stronger 
than that systems, appear 
to have optical peculiarities. 

F. Hoyle and G. C. McVittie discuss the 
relation of radio astronomy to cosmology, 
in two papers in V of the book. 
Hoyle formulates an observational test 
for the steady-state theory of the universe. 
This test, of the angular diameters of 
radio sources, is on the threshold of abili- 
ty of present instruments. McVittie, how- 
ever, abruptly rules out the steady-state 
theory on existing optical evidence (the 
of the universe's 


of by 


against a 


yet be 


from normal 


part 


negative acceleration 
expansion). 

The last of the six sections deals with 
the origin of solar and cosmic radio emis- 
G. R. Burbidge, who accepts the 
explanation we previously mentioned for 
nonthermal continuous radiation, — pro- 
poses that the relativistic electrons respon- 
sible for this universal radiation are the 
by-products of collisions of cosmic rays 
with intergalactic matter. If this is the 
case, Hoyle comments, radio astronomy 
becomes a powerful tool in cosmic ray 


sion. 


research. 

The nonspecialist reader of the Paris 
symposium volume will certainly be im- 
pressed the outpouring from that 
modern cornucopia, the radio telescope. 
He will recognize that radio astronomy is 
beginning to assume a definite and fas- 
cinating pattern. But he will also see 
that the symposium volume, monumental 
as it is, will become a_ historical 
reference work that must have a place in 
any astronomical reference library. 

Both editor and publisher deserve great 


by 


soon 
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credit for bringing out this extensive 

work so promptly, with such excellent 
editing and printing. 

J. ALLEN HYNEK 

Smithsonian Astrophysical Observatory 


THE SUN 
Karl Kiepenheuer. University of Michi- 
gan Press, Ann Arbor, Mich., 1959. 160 
pages. $5.00. 


ERHAPS it is not really the province 
of a professional solar astronomer to 
review a popular book on the sun, inas- 
much as the test of its success is the effect 
on the layman. ‘This reviewer can, how- 
ever, Comment on its accuracy and give 








Equatorial Telescope Mounting 








For 4” to 10” tele- 
scopes. Heavy alumi- 
num castings and steel 
shafting machined to 
very close tolerances. 
Polar-axis and declina- 
tion shafts square to 
within 3 minutes of 
arc. Declination shaft 
threaded inside 114” 
for counterweight. Cast 
boss for drive. $45.00. 


UNIQUE PRODUCTS Agency 
212 East Key * Okla. City 10, Okla. 














FRANK'S 


BOOK OF THE 
TELESCOPE 


This new illustrated 132-page volume is 
intended as a guide to instruments for 
the amateur astronomer. Chapters are 
included on — 

THE SIMPLEST ASTRONOMICAL TELESCOPE 
WHAT TO EXPECT FROM A TELESCOPE 
WAR-SURPLUS TELESCOPES 

MOUNTING PROBLEMS 

AMATEUR’S NEWTONIAN REFLECTORS 
ASTRONOMICAL PHOTOGRAPHY 
USING THE TELESCOPE 
TELESCOPE EYEPIECES 
CATADIOPTRIC SYSTEMS 
MAKSUTOV 

ASSEMBLING AND MOUNTING A_ SIX-INCH 


REFLECTOR 
The Book was reviewed in the 
January, 1959, issue of SKY 
AND TELESCOPE. 

Including postage and packing... . 

We are Europe's greatest stockists of New, 
Used and Ex-Gov’‘t. Binoculars, Telescopes, 
and Optical Equipment. Actual Makers of 
Paraboloidal Mirrors. Write for our unique 
illustrated Catalogue. 


CHARLES FRANK 


67-75 SALTMARKET, GLASGOW 
SCOTLAND 


Cables: Binocam 
Glasgow 


SCHMIDT AND 


Established 
1907 











Tinsley enters the 
standard design field 


with this rugged, 


precise 12-inch telescope 





Here is a new instrument of traditional Tinsley quality at a cost far 
below that of a custom telescope. It is ideally suited to astronomy clubs, 
schools and advanced amateurs. Specifications: 12-inch aperture. Casse- 
grain optical system. Primary mirror focal length 48’'. Secondary ampli- 
fication 4; total effective focal length 192’’. Eyepiece image lies 16°’ 
behind reflecting surface of primary mirror. Overall tube length 43’’, plus 
focusing assembly. Tube is easily removable from mounting. @ Eyepiece 
focusing assembly: rack-and-pinion type, extremely rugged and adaptable 
for cameras and accessories. ® Mounting: has positive clamps for decli- 
nation and right ascension. Motor driven in right ascension to a precise 
sidereal rate. Additional motor control for fast rate is 5 times the sidereal 
rate. Manual declination with anti-backlash. Setting circles are large and 
precision engraved. @ Provides for precise orientation of polar axis. 
@ Optical surfaces: accurate to % wave length or better. Reflecting 
surfaces aluminized and have a protective overcoating. Refracting sur- 
faces have low-reflection coating. © Equipped with a finder of 10 power. 
@ Mounted on a stee! pedestal. © Address inquiries to Tinsley Laboratories, 


Inc., Telescope Department, 2526 Grove Street, Berkeley 4, California. 





TINSLEY 


LABORATORIES, INC. 
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Norton’s STAR ATLAS 


This famous star atlas and reference handbook isgpar- 
ticularly suited for amateurs and students who desire 
sky charts in book form. It covers the whole heavens, 
showing over 9,000 stars to magnitude 613, nebulae, 
and clusters. There are descriptive lists of 500 interest- 
ing objects for viewing with small telescopes, and useful 
data are given for observers of the sun, moon, and 
planets. New 14th edition, 1959. $5.25 


POPULAR STAR ATLAS 


This compact, well-bound set of 16 maps is a simpler 
version of the Norton’s Sar Atlas described above. All 
stars down to magnitude 5'/2 are included. This edition 
is excellent for field use by constellation study groups 
and by meteor parties $2.00 


Elger's MAP OF THE MOON 


The chart of the moon itself is 18 inches high by 17/2 
inches wide and identifies all the important lunar fea- 
tures. Below the map are notes by H. P. Wilkins on 
146 of the more interesting areas. Printed on a sheet 
of paper 30 by 19/2 inches and mounted on heavy 
canvas, the map is ideal for framing $3.00 


COLOR MAP OF THE 
NORTHERN HEAVENS 


This is a large wall chart, 30 by 342 inches, colorful 
as well as informative. The northern sky to —45° is 
shown on a polar projection, and each star is colored 
according to its spectral class. Stars brighter than 
magnitude 5.1 are included. The map is mailed un- 
folded in a heavy tube. $1.50 each; 4 for $5.00 


COLOR CHARTS OF THE MOON 


Two striking color charts of the first- and last-quarter 
moon were drawn by Joseph Klepesta, the well-known 
Czechoslovakian amateur astronomer. Each lunar half 
is an impressive 27 inches in diameter; the over- 
all size of a chart, 23 inches wide by 33 inches high 
Printed in predominantly gold and black on heavy paper, 
the charts are shipped unfolded in a cardboard tube. 

$3.00 per set of 2 


MOON SETS 


18 pictures, showing the entire visible face of the moon, 
are made from unsurpassed Lick Observatory negatives 
of the first and last quarters. Each halftone print is 
81/2 by 1134 inches. Key charts supplied. $3.00 per set 


LUNAR CRESCENT SETS 


10 pictures are a matching series to Moon Sets, but for 
the waxing crescent 41/2 days after new moon, and the 
waning crescent about five days before new moon. Four 
prints are close-ups of the waxing crescent, four of the 
waning; two show each crescent as a whole. Key charts 
included. $2.50 per set 


SKY SETS I 


24 pictures of objects in the solar system and in the 
Milky Way, all celestial wonders of interest and beauty. 


Each halftone print is 8/2 by 1134 inches. Separate 
sheet of captions included $4.00 per set 
SKY SETS II 
24 pictures of nebulae in our galaxy, portraits of other 


galaxies, many made with the 200-inch telescope, and 
four drawings of the 200-inch telescope by Russell W. 
Porter. Sheet of captions included. $4.00 per set 


LUNAR MAP. In two colors and over 10 inches in 
diameter. 25 cents each; 3 or more, 20 cents each 
SPLENDORS OF THE SKY. 36-page picture book of our 
neighbors, near and distant, in the universe. 75c¢ 
RELATIVITY AND ITS ASTRONOMICAL IMPLICATIONS, by 
Dr. Philipp Frank. 75c 
HOW TO BUILD A QUARTZ MONOCHROMATOR for Ob- 
serving Prominences on the Sun, by Richard B. 
Dunn. 50c 


THE STORY OF COSMIC RAYS, by Dr. W. F. G. Swann, 


Bartol Research Foundation. 75¢ 





LAROUSSE EN 


prominences, and 12 multiple star systems. 
wonders are new to American readers. 


University of Manchester. 


inches. 





An extraordinary addition to your library! 


CYCLOPEDIA OF ASTRONOMY 


By Lucien Rudaux and G. de Vaucouleurs. 
With an introduction by F. L. Whipple. 


The long-awaited English translation of this monumental French 
volume — one of the most complete and best-illustrated com- 
pendiums of astronomy ever offered in one book. 


A volume distinguished from all others by its detailed explanations, diagrams, and 
charts, designed for the reader who wants a thorough knowledge of the subject, yet 
has no previous introduction to astronomy. 
covering every facet of all phases of each subject. Especially noteworthy are full-page 
color renditions of a map of the moon, a total lunar eclipse, Mars, Saturn, Jupiter, solar 
Many of the beautiful photographs of celestial 


The translation was made by the well-known British astronomers Michael Guest and 
John B. Sidgwick, and revised by Dr. Zdenek Kopal, professor of astronomy at the 


It contains 818 illustrations (many in color) in 506 pages. Each page is 8 by 11% 


As a reference work it is unsurpassed, 


Special introductory price, $12.50 








Two Editions Available 


ATLAS OF THE HEAVENS 


ATLAS COELI 1950.0 


These 16 charts by Antonin Becvar and his coworkers 
at the Skalnate Pleso Observatory, Czechoslovakia, cover 
the entire sky to stellar magnitude 7.75, showing double, 
multiple, and variable stars; novae, clusters, globulars, 
and planetaries; bright and dark nebulae; the Milky Way 
and constellation boundaries. 


FIELD EDITION. Each chart is reduced from the origi- 
nal Atlas Coeli and is printed on heavy, stiff paper 
18 by 121% inches. Stars are white on black background. 
Charts are shipped flat and unbound, 16 to a set. Ideal 
for outdoor observing and use at the telescope. 

$4.00 each; 2 for $7.50 


DE LUXE EDITION. Printed in many colors, more than 
35,000 celestial objects, including over 100 radio sources, 
are plotted. Bayer-letter and Flamsteed-number designa- 
tions given. Transparent co-ordinate grid overlay in- 
cluded. The 16 charts are permanently bound in a 
heavy cloth cover, 16/2 by 23 inches, with color chart 
key on a foldout flap. $9.75 


ATLAS ECLIPTICALIS 1950.0 


By Antonin Becvar 


A bound set of 32 star charts, each 17/2 by 24 inches, 
covers decliaations between +30° and —30°, complete 
to magnitude 9.0, scale two centimeters per degree, 
epoch 1950.0. Spectral classes are shown by color. 
See page 161 of the January, 1959, issue for further 
description. Place your order with us and allow time 
for its transmission to the publisher in Czechoslovakia, 
from whom the atlas will be shipped directly to you. 

$17.00 


MAKING YOUR OWN 
TELESCOPE 


By Allyn J. Thompson. Tens of thousands of amateurs 
are using this basic book on telescope making. Here 
are complete step-by-step directions for making and 
mounting your own 6-inch reflecting telescope at low 
cost. This telescope can use magnifications up to 300 
times. In easy-to-understand chapters, you will learn 
how to grind, polish, and figure the mirror, and hew 
to make an equatorial mount that will provide a sturdy, 
solid support for your mirror. 

211 pages, 104 illustrations (6th printing)... .$4.00 


THE HISTORY 
OF THE TELESCOPE 


By Henry C. King. The first book to tell the full 
story of the evolution of the telescope. 456 pages, 196 
illustrations, extensive references. $7.50 


Here is a popular yet authoritative magazine on 
rockets, astronautics, and space-travel astronomy, writ- 
ten especially for the layman, and edited by members 
of the British Interplanetary Society. 

Spaceflight is printed during January, April, July, 
and October. Please specify the issue with which your 
subscription should start. 


Subscription in United States and possessions, Canada, 
Mexico, and Central and South America: $2.50, four 
issues; $4.50, eight issues; $6.00, twelve issues. Single 
copy, 75 cents. 


Write for descriptive catalogue. All items sent postpaid. Please enclose your check or money order. 


ined PUBLISHING . CORPORATION . 


: Cambridge 38, “Massachuseces ¥ 
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an opinion on how well it informs the 
intended reader concerning the status of 
solar study today. 

The present volume is a translation and 
abridgement of Professor Kiepenheuer’s 
lively and well-written little book, Die 
Sonne, published by Springer-Verlag in 
1957. Unfortunately, the translation has 
considerably watered down the original 
style, and the abridgement has been car- 
ried out simply by omitting entire sen- 
tences, to the impairment of the book’s 
logical structure. 

Furthermore, physical units have been 
converted haphazardly. While centi- 
grade temperatures have invariably been 
changed to Fahrenheit (sometimes with- 
out the 1.8 factor), and kilometers per 
second to miles per hour, centimeters and 
meters are not always given in feet and 
inches. The altitude of our observatory 
in Climax, Colorado, stated correctly as 
roughly 3,500 meters in the original book, 
has been incorrectly converted to 10,480 
feet in the translation. 

The author himself aptly reviews his 
own work on the final page. ““The smooth 
course of this journey which led from the 
glowing interior of the sun to its coldest 
and outermost planets may have misled 
the reader into thinking that few prob- 
lems remain to be solved. Fortunately, 
this is far from being the case. Simplified 
accounts like the present book must 
needs emphasize past achievements at the 
expense of the discussion of unsolved 
questions.” 

Professor Kiepenheuer has drawn a pic- 
ture of the course of events on the sun, 
in which the emphasis is on the things 
we know. In the reviewer’s opinion, this 
stress has sometimes been carried too far. 
For example, at the end of Chapter 3 the 
statement that “theoretical considerations 
and model experiments have enabled as- 
tronomers to give a satisfactory interpre- 
tation of solar convection phenomena,” 
would not be agreed with by many solar 
physicists. On the other hand, in 150 
pages of text it is admittedly very difficult 
to go into all the details of the problems. 

Because of the delay between the origi- 
nal 1957 book and the appearance of the 
translation in 1959, certain facets of The 
Sun have become out of date. The ad- 
vances in solar physics in the past two 
years — due to the International Geo- 
physical Year, rocket and balloon studies 
of solar-terrestrial phenomena, and solar 
radio astronomy — have made many 
changes. It is rarely possible to keep up 
with the rapid progress of science, and 
the extra delay due to translation is there- 
fore doubly unfortunate. 

Certain errors merit pointing out. On 
page 44 a high-resolution vacuum spectro- 
gram in hydrogen-alpha light is presented, 
with the remark that this exhibits granu- 
lar structure, whereas it actually shows 
chromospheric fine structure. 

In Chapter 7 the author lumps all 
prominences together in the filamentlike 
class, and states that they all have life- 








Magnusson Telescopes and Accessories 


% Mountings as low as $29.00 and $59.00. 
% Low-priced clock drives and other accessories. 
Parts are sold separately. Write for prices. 


SETTING CIRCLES 


Made of choice aluminum or brass, 
machined and polished all over. 
Hour circles, machine-scribed with 
hour, half-hour, and five-minute 
marks. Declination circles scribed 
in degrees 0-90-0-90. Numbers 
stamped with 14” dies. Holes 
reamed standard sizes. State sizes. 





Aluminum 
5” circles, set of two 
6” circles, set of two 
8” circles, set of two 


O. MAGNUSSON 





14570 West 52nd Ave. 
Arvada, Colorado 
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ASTRO°—DOMETTE 


for High Schools, Junior Colleges, 


and Amateur Astronomers 


We are pleased to announce that we have for immediate delivery a 
special type of ASTRO-DOME, available either in fiberglass and alumi- 
num, or in all-steel construction. This new ASTRO-DOMETTE is fabri- 
cated and shipped in large preassembled sections that need only be bolted 
together at your site to complete. Each dome is equipped with an up-and- 
over shutter system and is manually rotated. ASTRO-DOMETTES are of 
lightweight construction, but are strong and durable because of their new 
design. 

We have developed ASTRO-DOMETTES with high schools, junior 
colleges, and the serious amateur astronomer in mind. These units are 
fabricated on an assembly-line basis, resulting in high quality but modest 
cost. Because the sections are stamped or molded, dome components are 
uniform and interchangeable. The result is an ASTRO-DOME that every 
owner will be proud to use and display. 


FACTS ABOUT ASTRO-DOMETTES 


Molded Fiberglass will be preferred by 
those who want long life yet light weight 
and least cost. ASTRO-DOMETTES of 
molded fiberglass have aluminum tracks foot cylindrical section around the base 
and come in outside diameters of 8, 10, and including the steel track. They 
and 12 feet, each with a one-foot cylin- | weigh about twice as much as fiberglass 
drical section around the base of the ASTRO-DOMETTES of the same sizes. 
hemisphere. A 10-foot fiberglass ASTRO- 
DOMETTE weighs about 500 pounds, 


reasonable initial cost. Steel ASTRO- 
DOMETTES come in diameters of 8, 
10, 12, and 14 feet, each with a one- 


All-Aluminum, of a weight intermediate 
between fiberglass and steel, will be used 





the other sizes in proportion. 
Stamped Steel provides greatest dura- 
bility and structural strength, with very 


to make ASTRO-DOMETTES in the 
near future, providing even greater flexi- 
bility in observatory planning. 


High school and junior college administrators should plan to visit our display 
concerning these newly designed domes at the annual convention of the 
American Association of School Administrators at Atlantic City, New Jersey, 
February 13-17, 1960. Here educators can see the exciting new facilities 
available for teaching the Astro-Sciences in the space age. On display will 


be a complete ASTRO-DOMETTE for your inspection. 





WRITE NOW FOR COMPLETE INFORMATION. 
DEALER INQUIRIES INVITED. 


INCORPORATED 


ASTRO®°—DOME manuracturers oF ASTRONOMICAL OBSERVATORY DOMES 
1801 Brownlee Ave. N.E., Canton 5, Ohio. 
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U.S. SURPLUS BARGAINS 


IN HIGH-QUALITY OPTICAL PARTS AND EQUIPMENT 


BAUSCH & LOMB F/6 
AERO-TESSAR LENS 


Focal length 24” Com- 
pletely mounted with iris 
and shutter. Excellent for 
wide-field telescope. All 
in excellent condition 


Price $25.00 





WIDE-ANGLE ERFLE EYEPIECE 
(68° FIELD) 
Coated optics, 3 achromatic lenses. 


14,” focal length, 1-13/16” aperture. | 
Price $12.59 








16-mm. AERIAL GUN 
CAMERA, MODEL AN-N6 | 


Takes standard 16 
mm. magazine load | 
(50’). Operates at 
16, 32, or 64 frames 
per second. Complete 
with Wollensak Type 
V lens, 13%” (35- | 
mm.) £/3.5.  Excel- 
lent condition. Oper- 
ates on 24-volt d.c. 


| 
| 
Price $29.95 | 
| 
| 


TELESCOPE MOUNT 


Rotating yoke with 
micrometer positioning 
tightens onto any \)” 
vertical shaft with a 
thumbscrew. Levels 
with built-in bubble; 
orients with — built-in 
magnetic compass. 
Turned by knurled 
wheel on one end of 
worm shaft. A 1” 
diam, micrometer-cali 
brated wheel on other 
end divides each coarse 
azimuth unit into hundredths. The coarse scale 
divides each 180° into 32 parts, which, with the mi 
crometer makes the standard gunnery circle of 
6,400 mils. A_ direct-reading conversion graph of 
mils to degrees is furnished. Quick-disconnect lever 
disengages the worm for turning platform quickly. 
Yoke will mount %” shafts 514” apart in split pillow 
blocks 314” above platform. Bronze worm on a shaft 
with a knurled wheel is mounted below the outside 
of one pillow block. If the shaft through the block 
had a 2”-pitch-diam., 32-pitch single-thread, 64-tooth 
right-hand gear, the worm would mate with it for 


controlled tilt. Price $5.00 





8-POWER WIDE-FIELD ELBOW TELESCOPE 





Field of view 8° 45’. Large focusing Erfle eyepiece. 
Eye lens diameter 2-1/16” with diopter scale +2 - 4. 
1 built-in filters clear, neutral, red, amber. Length 
15%”. width 654”, height 734”, weight approx. 914 
Ibs. Excellent unused condition. Price $39.50 


BELL & HOWELL 
F/8 
TELEPHOTO 
LENS 


Focal length 36”. Com- 


pletely mounted with iris 
and shutter. Weight ap 
prox. 25 Ibs. Excellent 
condition. 


Price $49.50 


5” SCHMIDT 
ULTRA-HIGH-SPEED 
OBJECTIVE LENS SYSTEM 


Eastman Kodak infrared re- 
ceiver, formerly known as 
U. S. Navy Metascope, Type 
B. 7” long with 5” Schmidt 
ultra-high-speed objective lens 
(approx. f/0.5). Elaborate 

optical system, many coated lenses. Uses two pen- 
light batteries. Gov't. cost, approx. $300.00. Factory- 
new. Shipping wt. 9 lbs. Price $19.95 







Waterproof carrying case extra. Shipping wt., 3 Ibs. 


Price $3.00 


NAVY INFRARED RECEIVER, 
TYPE C-3 


Produces visible image from 
infrared image in complete 
darkness. For seeing in dark 
with infrared light source. 
Nothing to wear out. Operates 
on two flashlight batteries. Has 
high-voltage power supply and 
image tube (1P25) and elaborate optical system. 
Weighs only 6144 pounds and is only 11” long, 8” 
high, 5-12” wide. Manufactured by R. C. A. Objective 
f/0.9 Schmidt system, 2.4” focal length, 314” aperture. 
Excellent condition, with waterproof carrying case. 


Price $35.00 








INFRARED FILTERS 
534” diam. x 1” thick. Price $2.95 


VARIABLE-SPEED BALL DISK INTEGRATORS (All shafts ball-bearing supported) 


No. 145. Forward and reverse 214-0-214. 


” 


Input shaft spline gear 12 teeth 9/32 


diam., ¥g” long. Output shaft 15/64” diam. x 15/32” long. Control shaft 11/32” 


ie % A ° . 7” +7 zy" ° = 
OF x 34” long. Cast-aluminum construction. Approx. size 3” x 3” x 234”. Price $17.50 


sla* A> : : ; 
4 "y No. 146. Forward and reverse 4-0-4. Input shaft 5/16” diam. x 34” long. Output 
is: J I 


shaft 15/64” diam. x 9/16” long. 


Control shaft 11/64” diam. x 11/16” long. 


Cast-aluminum construction. Approx. size 4144" x414"x4". Price $18.50 each. 


Send full amount with order. Ali prices net f.o.b. Pasadena, Calif. No C.0.D.’s, please. 


2176 East Colorado St. 


C&H SALES CO. ine ees Ss 
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times of the order of months. As observers 
of prominences know, there are numer- 
ous different types, which lead to various 
classification schemes. Many have very 
short lifetimes; individual loop promi- 
nences, for example, last only a few hours. 
Professor Kiepenheuer discusses the 
condensation of prominences in regions 
of low coronal intensity, which indicates 
that the corona has condensed out into 
the prominence. This statement is per- 
fectly correct, so far as I know, if “‘fila- 
ment” (or “quiescent prominence’) is 
substituted for “prominence.” Certainly, 
loop prominences and coronal rain are 
only observed at points of the very highest 
coronal intensity (hence highest density). 
In general, this well-illustrated book 
provides a concise and easy-to-read intro- 
duction to solar physics, which will be 
appreciated by many novices to the field. 
The more informed amateur, however, 
will do better to turn to Kiepenheuer’s 
fine article in G. P. Kuiper’s The Sun. 
HAROLD ZIRIN 

High Altitude Observatory 


PLANETARIA AND THEIR USE 
FOR EDUCATION 


Miriam Jagger, editor. Cranbrook Insti- 
tute of Science, Bloomfield Hills, Mich., 
1959. 205 pages. $3.50, paper bound. 


HIS is a compilation of some 40 pa- 

pers presented at a symposium in Sep- 
tember, 1958, at the Cranbrook Institute 
of Science, to which representatives from 
120 planetariums in the United States 
had been invited. Conducted under a 
grant from the National Science Founda- 
tion, the meeting gave the 101 registrants 
opportunity to exchange ideas. 

As the editor points out in the preface, 
“in the field of audio-visual aids there is 
perhaps no more fascinating or potent an 
educational device than the planetarium. 
. . . Speakers at the symposium cited one 
instance after another in which planetaria 
have not only drawn capacity audiences 
to their own programs, but have stimu- 
lated new public interest in the programs 
of affliated museums and observatories.” 

In discussing the educational task of a 
planetarium, M. H. Degani, of the 
State University Maritime Coliege in 
Ft. Schuyler, New York, remarks that most 
lectures present an incomplete picture 
of the universe — “just small pebbles in 
a mosaic.” The planetarium demonstra- 
tion should include the components that 
make up our world and the way these 
are put together, a scale of distances, the 
idea of time, and a brief history of the 
universe. 

Although the symposium was suggested 
by and planned for planetarium officials, 
many of the papers are of general interest 
to educators in this space age. The book 
should also appeal to the layman. 

M. T. BRACKBILL 
Eastern Mennonite College 
Harrisonburg, Va. 








NEW BOOKS RECEIVED 
LAROUSSE ENCYCLOPEDIA OF ASTRONOMY, 
Lucien Rudaux and G. de Vaucouleurs, 
1959, Putnam’s. 506 pages. $15.00. 

This English version of a comprehensive 
French survey of astronomy at the popular 
level is a translation by M. Guest and the 
late J. B. Sidgwick, with revisions by Z. 
Kopal. It has over 800 illustrations, many 
full-page size (8 by 11% inches) and in 
color. Its first section is headed ‘The 
Splendour of the Heavens,” this volume 
being a modern counterpart to the famous 
English work of that title published a third 
of a century ago. 

STANDARD HANDBOOK FOR TELESCOPE MAK- 
inc, N. E. Howard, 1959, Crowell. 326 
pages. $5.95. 

Full instructions are given for the con- 
struction of an amateur’s Newtonian reflec- 
tor, from grinding the mirror to adjustment 
of the mounting. 

PRINCIPLES OF Optics, Max Born and Emil 
Wolf, 1959, Pergamon. 803 pages. $17.50. 

Intended for the advanced student, this 

comprehensive treatise on geometrical and 
physical optics is largely mathematical in 
character, It is a modernized and consid- 
erably enlarged English revision of a stand- 
ard work originally published in German in 
1933, Max Born’s Optik. 
APPLIED SOLAR ENERGY RESEARCH, Jean 
Smith Jensen, editor, 1959, Association for 
Applied Solar Energy, 3424 N. Central Ave., 
Phoenix, Ariz. 275 pages. $7.50. 

The current state of research into har- 
nessing the sun’s energy is summarized in 
this annotated bibliography of 2,916 books 
and articles. It is complete to the end of 
1958, and includes many pre-1954 papers 
not listed in the first edition of this work, 
published at Stanford in 1955. 
ASTROPHYSIQUE GENERALE, J. C. Pecker 
and E. Schatzman, 1959, Masson et Cie., 120 
Blvd. St.-Germain, Paris 6, France. 756 pages. 
13,000 fr cloth, 12,000 fr paper bound. 

Every branch of astrophysics, observational 
as well as theoretical, is covered in this 
college textbook by two leading Paris as- 
tronomers, intended for students with a 
background of physics and mathematics. 
There are 396 illustrations, and each chap- 
ter has a brief bibliography. 

Rapio STUDIES OF THE UNIvERSE, R. D. 
Davies and H. P. Palmer, 1959, Van Nos- 
trand. 200 pages. $5.00. 

Radio telescopes and the deep effect their 
discoveries have had on astronomy in gen- 
eral are described for well-informed laymen 
in this book by two British radio astronomers, 
both of whom work at Jodrell Bank. 

THE TRANSITS OF VENUS, Harry Woolf, 
1959, Princeton University Press. 258 pages. 
$6.00. 

The historical importance of the 1761 and 

1769 transits of Venus to astronomy and to 
the scientific community at large is here in- 
terpreted. The source material consists of 
archives, memoirs, and much previously un- 
published correspondence. 
PLANET Eartu, 1958, National Academy of 
Sciences, Publications Office, 2101 Constitu- 
tion Ave. N.W., Washington 25, D. C. 43 
pages. 50 cents, paper bound. 

Designed as a teaching aid on the high 
school level, Planet Earth is a booklet de- 
scribing the earth, solar-terrestrial relation- 
ships, and space. It is part of an integrated 
set of six posters and project leader’s kit. 
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YOUR TELESCOPE IS NO BETTER 
THAN YOUR ABILITY TO FIND 
THE THINGS YOU WANT TO SEE 


Now —for the first time 


An entirely practical solution to the amateur’s biggest problem. Now you can find celestial 
objects with an ease, speed, and accuracy never before approached. 

To find any object you must know the sidereal time and ACCUSTAR will give it to you 
instantly. Having already set the outer disk to your longitude, turn the inner disk until your 
clock (standard) time corresponds with the date. The sidereal time is then indicated on the 
inner dial. It’s as simple as that. Consistently accurate within two minutes or less. 

ACCUSTAR will do many things: tell precisely where any star or constellation will be at any 
time or place, determine longitude, tell the solar time with one simple observation easily made 
with ACCUSTAR. 





ACCUSTAR and the book, Find the Stars $9.75 


A precision instrument, blue and gold in color, 10 by 12 inches, plastic coated, 
metal backed, weighs less than a pound. Nothing to get out of order. 

Book Find the Stars has 23 sky maps and needed information on over 250 
celestial objects of prime interest to the amateur. 











ACCUSTAR will be your indispensable guide to the heavens and multiply your pleas- 
ure in exploring them. Place your order now. 


ACCUSTAR 


P. O. Box 2806, Detroit 31, Michigan 
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This 4” UNITRON is yours 
for only $128 down 


You can tell at a glance that here is a telescope designed to 
achieve professional results. Indeed, this 4° UNITRON has been 
chosen for important research by university observatories, the U. S. 




























and foreign governments, and leading industrial laboratories. Owner- 
ship of such a superb instrument might be thought to be beyond the 
means of many amateur astronomers, yet a 10% down payment of 
only $128 puts you at the controls of this magnificent UNITRON. 


The full purchase price of $1280 includes everything the serious 
observer wants and needs to make the most of his observing — clock 
drive, fixed pier, Astro-camera, 2.4” photographic guide telescope, 
Super-UNIHEX, large 42-mm. 10x view finder, eyepieces, and a com- 
plete selection of accessories in addition to these pictured above. 


With this. 4” UNITRON, you have at your disposal a complete 
range of magnifications: 25x, 38x, 60x, 83x, 120x, 167x, 214x, 250x, 
300x, 375x. And, with the Super-UNIHEX Rotary Eyepiece Selector, 
you can switch from a spectacular wide-field view of the sky to high- 
power observation of planetary details at a flick of a finger. 


There are other UNITRON 4” models for as little as $465 complete 
($46.50 down) and other UNITRON Refractors for as low as $75 ($7.50 
down). All may be purchased using our Easy Payment Plan. Which- 
ever model you choose, you are assured of obtaining the finest 
instrument in its class. After all, it is a UNITRON. 


See the back cover. 


DIVISION. of UNITED SCIENTIFIC CO. 
204-206 MILK -STREET BOSTON 9, MASSACHUSETTS 


INSTRUMENT 


UNITRON 





) i Be Certain of Optical Excellence — 





Buy UNITRON 








MANY Models To Choose From! 


2” SATELLITE ($7.50 Down) 6x, diagonal $75 
eyepiece, altazimuth mount with circles, stand 

1.6 ALTAZIMUTH ($7.50 Down) $75 
with eyepieces for 78x, 56x, 39x 

2.4” ALTAZIMUTH ($12.50 Down) $125 
with eyepieces for 100x, 72x, 50x, 35x 

2.4’ EQUATORIAL ($22.50 Down) $225 


with eyepieces for 129x, 100x, 72x, 50x, 35x 


3’ ALTAZIMUTH ($26.50 Down) $265 
with eyepieces for 171x, 131x, 96x, 67x, 48x 


3’ EQUATORIAL ($43.50 Down) $435 
with eyepieces for 200x, 131x, 96x, 67x, 48x 
3’’ PHOTO-EQUATORIAL ($55.00 Down) $550 


with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x 

4” ALTAZIMUTH ($46.50 Down) with $465 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x 

4’ EQUATORIAL ($78.50 Down) with $785 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4" PHOTO-EQUATORIAL ($89.00 Down) with $890 
eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x 

4’ EQUATORIAL with clock drive $985 
($98.50 Down), Model 160V, eyepieces as above 

4’ EQUATORIAL with clock drive and metal $1075 
pier ($107.50 Down), Model 166V, eyepieces as above 

4’ PHOTO-EQUATORIAL with clock drive and $1 175 
Astro-camera ($117.50 Down), with eyepieces 
for 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 

4’ PHOTO-EQUATORIAL with clock drive, pier, $1280 
Astro-camera ($128.00 Down), eyepieces for 375x, 
300x, 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x 

6’ EQUATORIAL with clock drive, pier, $5125 
2.4’ view finder, with eyepieces for 625x, 500x, 
416x, 357x, 277x, 200x, 138x, 100x, 62x, 42x 


6’ PHOTO-EQUATORIAL as above but with $5660 
4” guide telescope, illuminated diagonal, 
UNIBALANCE, Astro-camera Model 330 

6" PHOTO-EQUATORIAL as above with $6075 


addition of 3’’ Astrographic Camera Model 80 





HAS IT OCCURRED TO YOU? 


There is much to recommend a UNITRON 
Refractor as the logical choice for the ama- 
teur astronomer. A UNITRON, optically 
speaking, duplicates the performance of 
larger telescopes of other types. With its 
long focal length, higher magnifications of 
planetary and lunar images are obtained with 
low-power eyepieces. Moreover, there are no 
mirrored surfaces to become oxidized, no 
components which require periodic alignment, 
no secondary optics to cause diffraction pat- 
terns, and no folding of the light back on 
itself through turbulent air with consequent 
loss of definition. No wonder that you see 
more and see better with a UNITRON — the 
telescope that has withstood the test of time. 


HOW TO ORDER 


Send check or money order in full or use our Easy Pay- 
ment Plan, as described below. Shipments made express 
collect. Send 20% deposit for C.0.D. shipment. 
UNITRON instruments are fully guaranteed for quality, 
workmanship, and performance, and must meet with 
your approval or your money back. 


Use Our EASY PAYMENT PLAN 


UNITRON’s popular Easy Payment Plan is a convenient 
and economical way to buy your UNITRON Refractor 
when you do not want to disturb your savings or when 
you haven’t the total cost of the telescope immediately 
available. The down payment required is 10%. The 
balance due is payable over a 12-month period, and 
there is a 6% carrying charge on the unpaid balance. 
Your first payment is not due until 30 days after you re- 
ceive the instrument, and if you should want to pay the 
entire balance due at that time, the carrying charge is 
canceled. (6’’ models available on special plan.) 


There is no ‘‘red tape’’ when you order — you merely 
fill in the UNITRON Easy Payment Order Form, return it 
together with the required down payment, and the model 
of your choice is shipped to you at once. 


Do not hesitate to use this plan merely because you 
have never before purchased anything on time payments. 
The procedure is practically painless and is an ideal 
means of enjoying the use of your UNITRON while pay- 
ing for it. 





UNITRON’S ASTRO-CAMERA 220 


A lightweight camera designed especially for pho- 
tography using the objective lens (or mirror) of the 
telescope as the principal optical element. The camera 
may be positioned so that a picture is taken of the 
image at the primary focus. Alternately an eyepiece 
may be inserted in the camera tube and camera placed 
So as to project a magnified image on the plane of the 


UNITRON 





204-206 MILK STREET - BOSTON 9, MASSACHUSETTS 


film. It is supplied complete with Thornton-Pickard 
type shutter, speeds 1/10 to 1/90 second, bulb, and 
time, 3 double plate (or cut film) holders 31%4"’ by 
414"’, ground-glass focusing back, extension tubes, 30- 
mm. f.l. photo-ocular, eyepiece holder, clamps, cabinet 


and instructions. Only $69.50 postpaid 







INSTRUMENT DIVISION OF 
UNITED SCIENTIFIC COMPANY 


PORTABILITY PLUS 





UNITRON 2.4” Altazimuth 


Here is the telescope that has long been 
America's most popular low-priced refractor. 

The UNITRON 2.4" Altazimuth is a favor- 
ite not only with the beginning amateur, but 
is chosen by many owners of larger instru- 
ments as a second telescope because of its 
light weight and extreme portability. A 
newly designed suitcase-type cabinet is now 
being included to house the complete tele- 
scope with tripod and mounting, thus permit- 
ting even more convenient transport than ever. 

The UNITRON 2.4" Altazimuth Refractor is 
priced at only $125 complete with tripod, 
sturdy mounting with micrometric slow-motion 
controls, four eyepieces, choice of UNIHEX 
Rotary Eyepiece Selector or star diagonal 
and erecting prism system, cabinet, and other 
accessories. Using our Easy Payment Plan, a 
mere 10% down payment of only $12.50 
brings this UNITRON fo you. 


NITRON’s FREE 





Observer's Guide and Catalog on 


ASTRONOMICAL TELESCOPES 


This valuable 38-page book 
is yours for the asking! 


With artificial satellites already launched and space 
travel almost a reality, astronomy has become today’s 
fastest growing hobby. Exploring the skies with a tele- 
scope is a relaxing diversion for father and son alike. 
UNITRON's handbook contains full-page illustrated 
articles on astronomy, observing, telescopes and acces- 
sories. It is of interest to both beginners and advanced 
amateurs, 










Contents include — 


e Observing the sun, 
moon, planets and 
wonders of the sky 


Constellation map 

Hints for observers 
Glossary of telescope terms 
How to choose a telescope 
Amateur clubs and research 
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Please rush to me, free of charge, UNITRON’s new Observer's 











Guide and Telescope Catalog 20-y. 
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Easy, Low-Cost Way 
To Enjoy Thrills 
Of Astrophotography 


Convert your present 35-mm. camera 
with this new adapter 


Developed by Criterion especially for single 


reflex 35-mm. cameras with interchangeable 
lens. Simply remove present lens mount and 
add this precision-made achromatic lens that 
adapts camera to eyepiece of any telescope 
refractor or reflector When orderings / 
sure to specify make of your camera. 


For 35-mm. cameras with SCREW-TYPE lens 
mount 
Cat. #CPA-36 for 114” eyepiece holders..$19.00 
Cat. #CPA-37 for 4” standard 

Dynascopes ..$17.50 
For 35-mm. cameras with BAYONET-TYPEI 
lens mount 
Cat. ZBPA-36 for 1! ar eyepiece holders..$22.50 
Cat. SBPA-37 for 4” standard 

Dynascopes vevee$217.00 


New! 






Dyn-o-Astro 
35-mm. Camera 
at less 

than regular 
price of 
camera alone! 






No need to be an expert 
photographer to take ex- 
citing astrophotos with this sing/e-reflex-ty 

precision-made 35-mm. camera. No comp Mi 
cated settings. No plates or filmholders to 
load and unload. No worries about missing 
target. Large focusing screen shows you exaci/) 
what you are shooting, right up to moment 


you take the picture. Includes such advanced 
features as: 
No accidental double exposures. Winding 


knob automatically advances film, posi 
tions mirror, winds shutter, counts ex 


posures, 
Dual-speed setting knob controls both 
fast and slow shutter speeds. Color cod- 


ing makes mistakes impossible. 
Integrated magnifier for critical focusing 
even on dim objects. 
Takes time exposures and also has speeds up 
to 1/500 second. Guaranteed for 2 years. Com 
plete, ready for use 
Model CP-35 fits 114,” eyepiece holder 
$89.00 postpaid 
Model CP-36 fits all standard 4” Dynascopes 
$85.00 postpaid 


Dyn-o-Swing Camera Support 
fits any 4°’ or 6” 


telescope 
without drilling! 





Takes guesswork out 
of astrophotography by pro 
viding precise centering of cam 
era over eyepiece. Smooth rack-and- 
pinion adjustment. Easily attached or detached 
from tube, with rigid clamp for maximum sta- 
bility. Special arm lets you swing camera 
away from eyepiece for visual observation, 
with instant return for photographing. Can 
be used with almost any camera. Postpaid. 
Cat. #CS-4 to fit all 4” Dynascopes $17.50 
Cat. #CS-47 to fit all 44,” O.D. tubes..$18.95 
Cat. #CS-67 to fit custom 6” Dynascope 

and 744” O.D. tubes = $19.95 


Catalog F, describing other accessories and 
parts, cheerfully sent on request. Satisfaction 
guaranteed, or money refunded. All items sent 
postpaid. We pay all postage costs. No shi 
ping, crating or packing charges. Send check 
cash, or money order ‘ i 







or immediate delivery. 





TO FINER PERFORMANCE! 


Paraboloidal Rack-and-Pinion 


Mirrors Eyepiece Mount 


The most mechanically 
perfect focusing is by rack 
and pinion. This mount 
takes standard 114” eye- 
pieces. Full 314” of travel 

more than ever before. Ac 
commodates almost any type of 
eyepiece — positive and negative. 
Two knurled focusing knobs, 
variably tensioned and positioned. 
Solid cast-metal sliding — brass 
tube close tolerance prevents looseness. 
Mount aligns itself to any type tube. Four 
mounting holes, nuts and bolts included. Eye 
mount has square-rod-type diagonal holder 
which prevents loose alignment and vibration. 
Rod tempered to minimize temperature changes. 
Adjustable for 3” to 8” scopes, also 12” scopes 
if so specified at no extra cost. Order one or 
more of the complete eyepieces described below 
at the same time you send for this rack-and- 
pinion device, which accommodates any of our 


The most important part 
of a reflector telescope 
is the precisely figured 
mirror. A mirror with 
i spherical surface suf 
fers from spherical aber 
ration, so it must be 
altered to a paraboloid 
to focus all the light 
rays in each bundle to the same point. Con- 
siderable skill is required to parabolize a fine 
mirror properly. Criterion Custom mirrors are 
made of the best pyrex glass, selected for free- 
dom from internal stress and strain, and of 
the correct thickness for each size, parabolized 
by craftsmen and tested by Ronchi and Fou- 
cault tests, as well as by diffraction rings and 
resolution of double stars. They are aluminized 
ind overlaid with zircon quartz. Each is 
uaranteed unconditionally, and to perform to 
the limit of resolution for its size. 








4 


i” pyrex, f.1. approx. 40” . $31.00 eyepieces perfectly. 
6” pyrex, f.1. approx. 54” $45.00 Cat. #SU-38 $7.95 postpaid 
8” pyrex, f.1. approx. 64” $89.00 P 
* ssi 7 aP sha ani $179.00 New Model Eyepiece Mount 
10" pyrex, t.1, approx. sai ne * Same features as above but has wider base that 
12” pyrex, f.1. approx, 96” 0... $275.00 is contoured to match the curve of a 7” to 8” 


diameter tube. Makes professional appearance. 
Furnished without Diagonal Rod #SU-9R $9.95 


Diagonal Rod — Cat. #SU-O9R........$1.00 


A tolerance of 56% in focal length is custom- 
ary. A deposit of 4 is required with orders 
for 8” to 12” mirrors. 

= a a oe oe ee ee eee eee eee eee ee oe 


Reflecting Telescope 
Mirror Mounts 


Mounting the mirror to 
your scope correctly is most 
important. Criterion mounts 
are especially well designed, 
and are made of cast alu- 
minum with brass mount- 
ing and adjustment screws One section fits 





tube, other section holds mirror. Alignment Custom 
accomplished by three spring-loaded knurled Achromatic 
adjusting nuts. Outer cell designed to fit into 

or over your tube. Sufficient space left be- Objectives 


tween the two cells. All drilled and tapped. 
Complete with holding clamps, springs, nuts, 
etc Ready for use. Will prevent vibration 
and hold alignment once set. Will hold mir 
ror without distortion of surface figure. 





and Sunshade 


Criterion Custom Series Achromatic Objectives 
are of the highest precision quality, tested and 
approved and acclaimed to be superb in every 


i” wre en 4 respect. Equipped with sunshade and dewcap. 
ie 4.00 10” 14.75 FEATURES 
@ Perfect color correction at the wave lengths 
as ee ee 4 of the C and F spectral lines, best for visual 
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observing. Scientifically designed, corrected 

by master craftsmen. 

Delicately hand-corrected to fullest minimi- 

zation of residuals, and to eliminate spheri- 

cal aberration. 

@ Air-spaced to very critical optical formula. 

©@ Magnesium-fluoride coated on all surfaces 
for maximum light transmission. 

@ Cell engraved with effective focal length 
and completely threaded. 

@ Sunshade extension with dewcap on all sizes. 

Cat. Clear Aperture Focal Length Price 

$-210 60mm. (2.4) 910mm. (35.8) $19.95 

$-220 3” 1250 mm. (49.2’') 52.00 

$-230 4” 1600 mm. (62.9’’) 95.00 


Complete 
Eyepieces sii 


Finest quality. They are precision machined, I 
mounted in standard 114” outside diameter | 
barrels; 7%” O.D. also available at no extra 
cost. Can be taken apart for cleaning. De { 
signed to give sharp flat field clear to edge. 
Huygens 18-mm. f.l. (44”) { 
Kellner 9-mm. f.l. (34”) | 
Kellner 7-mm, f.l. (9/32”) 
Kellner 12.7-mm. f.1. (4”) | 
Orthoscopic 6-mm, f.l. (4”) 

Orthoscopic 4-mm, f.1. (5/32”) I 





Four-Vane 
Diagonal Holders 


Revolving Criterion 4-vane diagonal 
mountings are fully ad 
justable, will hold ellip 

Turret tical diagonals in perfect 


alignment. Made of brass, 
chemically blackened. Pre 
cision adjusting screws 
center flat and vary its 
angle so_ that primary 
and secondary mirrors can 


I 
I 
} 
l 
l 
| be set in perfect align- 
I 
I 
I 
l 
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The Criterion Revoly 
ing Turret holds three 
eyepieces so that, as 
desired, the power of 
the telescope can be 
changed by merely turn 
ing the turret to a dif 
ferent ocular. Click stop 
insures positive and accurate positioning ot 
each eyepiece. Turret holds eyepieces of stand- 
ard 114” outside diameter. Fits into the holder 
of any refractor or reflector telescope that uses 
1144” eyepieces. Requires no alteration or ad- 
justment and can be attached as easily as put 
ting eyepiece into scope. Made of brass and 
aluminum with polished chrome-plated barrels, 
Cat. #SRT-350 $14.50 


ment. Thin vanes with wv 
special adjustable studs. 





Cat. Minor-Axis Size For Tubes Price 
$-51 1.25" 62" to 72" $10.00 
$-52 1.30’ 62" to 72" 10.00 
$-53 1.50” 81/2" to 9V2”" 10.00 
$-54 lao 9V2"' to 10/2" 12.50 
$-55 2.00 11” to 112” 14.95 
$-56 2.50" Specify tube 1.D. 19.95 
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CRITERION MANUFACTURING CO. 


sna es pa ron Dept. STP-20, 331 Church St., Hartford 1, Conn. 


Quality Optical Instruments 





GLEANINGS FOR ATM’s 


CONDUCTED BY ROBERT E. COX 


CASTING THE PARTS OF AN ALUMINUM MOUNTING 


HE ARTICLE on metal castings by 

William Cheney in this department 
last June and July has encouraged me 
to relate how my casting problems for a 
10-inch £/8 Newtonian reflector were 
solved. 

Kirst, patterns were made from white 
pine, a soft wood easy to work with and 
shape. Molds were made with fine 
foundry sand, and the cope-and-drag 
casting method was used. Details of this 
procedure were given here in the July 
and August, 1952, issues, and may also be 
found in Amateur Telescope Making — 
Book II, pages 339-364. This was my 
first attempt at sand-casting. Although a 
few castings were spoiled, I was able to 
produce better ones with a minimum of 
effort. 





\luminum melts at 1,220° Fahrenheit, 
a temperature not difficult to achieve 
under limited workshop conditions. Scrap- 
aluminum auto pistons were placed in a 
heavy cast-iron melting pot, heated over a 
small charcoal stove. Although the alu- 
minum liquefied easily, I do not recom- 
mend this method for melting bronze. 

A local machinist faced and trued all 
the castings, and did the machine work 
for the rest of the mounting parts. The 


This 10-inch reflector 
with equatorial mount- 
ing was made by Joseph 


molded and cast himself. 
Some of the units are 
identified at the left: 1, 
mirror cell; 2, cradle 
and slip rings for tube; 
3, bearing supports for 
polar axle; 4, finder 
mounting brackets; 5, 
bearing support for dec- 
lination axle. 


axles rotate in babbitted bearings. Its 
motion is smooth enough for a clock drive 
and setting circles to be added to the 
assembly later. 

Iwo years of spare time went into 
building the telescope, including grind- 
ing, polishing, and figuring the mirror. 
The results were worth the effort. 

JOSEPH L. ACSBOCK 
3804 Drummond St. 
E. Chicago, Ind. 





Aluminum auto pistons were melted and poured into molds of fine sand to 

make parts for the 10-inch telescope. At the left, a section of a rotating-tube 

ring is being cast, and at the right the cooled casting is being inspected. For 
safety’s sake, goggles and heavy gauntlets are worn. 





L. Acsbock of parts he | 

















TELESCOPE HOBBYISTS 








PRECISION OPTICAL 





SUPPLY CO. 





MONEY-BACK GUARANTEE 


HOME 
INSPECTION 
OF THE MOST 


PERFECT 
TELESCOPE 
PARTS & KITS 
EVER MADE! 


MIRROR M 


ul precision 


owerf supplies 


iid a P ‘ 
BiescoPe- Quality 
and instructions. 


ALUMINIZIN 
NIZIN 
6” $350 : 


s 
oe reflecting Surface 
eed not to Peel or blister 


EYEPIECES — CELLS — PRISMS 
BINOCULARS — TUBES 


ORTHOSCOPIC EYEPIECES 
Highest Quality © Made in U.S.A. 


Special four-element design, with fluo- 
ride-coated lenses, gives a wide flat 


corrected field. Standard 11%4” O.D. 
— E.F.L. 6, 8, 12, 16, and 24 mm. 
Postpaid $15.95 


PRECISION 
TRI-TURRET 


Holds 3 standard 114” 
O.D. eyepieces. Smooth 
turn to grooved notch 
aligns eyepiece precise- 
ly, ready to focus for 
various powers. Suitable 
for reflectors or refrac- 

tors. $15.75 - 
Write today for FREE Catalog. 


PRECISION OPTICAL 
SUPPLY CO. 


1001-T E,163 St., New York 59, N. Y. 
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Precision Diagonals 


You will get the best possible per- 
formance from your telescope with one 
of our clear fused quartz diagonals. 
Accuracy guaranteed 1/20 wave. 
Ellipse 1.25" x 1.77" 

Ellipse 1.5" x 2.12" 


$12.00 
$15.00 


Pyrex diagonals, 1/8-wave accuracy. 
Ellipse 1.25" x 1.77" $ 6.00 
Ellipse 1.5°° x 2.12" $ 9.00 
Without aluminum coating, deduct $1.00. 

Send for our complete list of supplies, * 


quartz mirrors, blanks, oculars 
coatings, and ai 


E& W OPTICAL CO. 


2406 E. Hennepin Ave. 
Minneapolis 13, Minn. 


cessories 








Since #933 


Po 9 satzrags toe, 
"si yy Owe We\ 


Reg. U.S. Pat. Off. 


Let us give you the same hard aluminum 
coating that we are applying to the Cave 
Astrola mirrors If your glass is properly 
polished. our coating will give a minimum of 
90% reflection. Wéill not blister or peel. 
Check or money order, including return post- 
age and insurance (Calif. res. add 4% sales 
tax), will guarantee 8 hours shipping service. 
No C.O.D.'s please. Prices f.o.b. L.A. 


6-inch $6.50 ce. eee $11.25 
8-inch .. .$8.50 | ae $16.00 
PANCRO MIRRORS, INC. 


Research and Production Laboratories 
2958 Los Feliz Blvd., Los Angeles 39, Calif. 

















AN ALL-PURPOSE TELESCOPE ASSEMBLY 


HE BATTERY of instruments pic- 
tured here consists of my recently 
completed 6-inch Maksutov telescope, a 
3-inch rich-field with a giant Erfle eye- 
piece, a 20-power terrestrial telescope, 
and a 10-power finder having a 13-inch 
objective and Erfle ocular. With this all- 
purpose assembly I can do almost any- 
thing from bird watching to counting 
craterlets in Plato. 

The rich-field instrument covers a 7}- 


The main instrument ol 
James A. Wells’ assem- 
bly is a 6-inch Maksu- 
tov, carried on a fork- 
type altazimuth mount- 
ing. Alongside’ the 
Maksutov and _ nearest 
the camera in this pic- 
ture is a 30-power ter- 
restrial telescope. At the 
top is the 10-power 
finder, while a 3-inch 
rich-field instrument is 
on the far side of the 
main tube, but only its 
giant Erfle eyepiece can 
be easily seen. 





The NEW FI-NIS Off-Axis Catadioptric Telescope 





RON LABORATORY 





for the discriminating 
amateur astronomer 


utilizes a Schmidt-type, off-axis correct- 
ing lens finished to the highest tele- 
scopic accuracy 


To achieve unexcelled optical resolu- 
tion, with image quality matching that 
which is theoretically possible for its 
aperture. 


This new telescope, embodying a de- 
sign never before commercially available, 
enables the realization of a rugged, 
closed-tube construction whose parts are 
solidly and permanently aligned — in- 
cluding the built-in wide-field finder. 


Its 44-inch aperture is entirely free 
of obstructions — its image completely 
achromatic. The flawless color fidelity 
and brilliant contrast are striking at 
first glance — a result of its well-made 
off-axis construction. This is a really 
different telescope. 


The price, without mounting, is pres- 
ently $400.00 subject to quotation. 
Write us for detailed information. 


Other products: SOLA-FIL — an unusual 
solar filter 


TELEWIN — a precision 
window for 
reflecting telescopes 


Box 25, D. V. Station 
Dayton 6, Ohio 
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degree field and gives a truly spectaculat 
view of the Milky Way. It also enables 
me quickly to locate nebulae, star clusters, 
and other faint objects, for observation 
in the 6-inch catadioptric telescope. The 
latter performs beautifully and is a joy 
to use. 

Let me offer a word of encouragement 
to those who contemplate making a Mak- 
sutov telescope. All of my lens surfaces 
were completed entirely with the use of 





accurate glass templates. These were made 
from glass cut to an approximate curve 
and ground together with No. 400 car- 
borundum until the templates fitted ex- 
actly with each other. Then, to determine 
contact between lens and template, I used 
strips of Saran wrap, which has a thick- 
ness of less than 0.001”. I recommend this 
method only for those who do not have 
an accurate and dependable spherometer. 


JAMES A. WELLS 
2428 E. Verde Lane 
Phoenix, Ariz. 


THE TWYMAN EFFECT 
IN DIAGONALS 
EFLECTING TELESCOPES after as 
sembly 
ferior in quality to those expected from 
the finished-surface tolerances of the pri- 
mary mirror and diagonal. Often a lack 


sometimes give images in- 


of crispness is blamed on the eyepiece, as 
this is the one component that the average 
amateur has no way of checking inde 
pendently of the rest of his optical system. 
However, unknown to the builder, the 
figure on the diagonal may have changed 
seriously and be causing the trouble. 
Both the front and back of the diagonal 
are polished during figuring so that the 
fringe pattern can be seen through the 
glass. After the desired figure has been 
obtained, the back of the glass is often 
ground with a fine or medium abrasive, 
to insure that the reflecting coating is 


} 


put on the right side. This grinding re- 


| e ® e * 
leases stresses placed in the glass during | Now build your own high-quality telescope easily 
polishing, and springs the figure out of G : 
|Get professional perform- f SPECIAL: Complete Parts 
ig and Instructions 





shape. 
Che resulting deformation of the sur- anceand do-it-yourself sat- ' $ 

face is known as the Twyman effect, after |. facti jis > pong 129-75 

the English optical worker who first called | ‘stacrion at low cost with f.0.b. 


| 
attention to it some years ago. The effect these CLEVELAND parts de- 
is similar to the deformation of a Casse- signed to match, machined 


erainian primary mirror when it is perfo- . 
rated after figuring. One amateur reported ito fit. 
that just enlarging the hole through the 
center of his finished Maksutov primary 
caused the figure to change by half a 
wave length of light. 

Che poorer the annealing and the more 
numerous the interior imperfections of 
the glass from which a diagonal is made, 
the greater the ‘T'wyman effect will be. 
Pyrex and inexpensive plate glass are the 
worst offenders, while well-annealed opti- 
cal glass shows the smallest change. In 
one case, three 3-inch quartz flats were 
to be made with front surfaces accurate 
to 1/20 wave of sodium light. Both sides 
were polished to about } wave, and the 
faces finished to the required perfection. 
Then the customer requested that the 
backs be ground, but when this was done, 
all three elements became concave by 3 
to 3 wave, and they had to be figured all 
over again. 

A very common defect in elliptical | EQUATORIAL MOUNT 





= ; baie aS er Se aad Complete, for 7’ tube ......... $ 79.50 f.o.b. 
diagonals that are shaped after figuring War We ss... 69.50” 
is a general concavity of the surface, as Complete, for tubes to 9 x 60 89.75 *" 
‘ 7 / WH ee as x care scigereceini Was 
well as a slightly turned-up edge on the Pier top for permanent mount .. 5.95 “ 
thin part of the face. COUNTERWEIGHT 1212 Ibs. ....... 4.95" FEATURES: All parts machined, ready to assemble. 
: ; ‘ Extra weight, per pound ........ so ” Rotating base permits easy alignment and locking on 
One way to insure a good diagonal is to | ALUMINUM TUBE 7” 0.D. x 60” .. 14.85“ north. Positive-locking tube clamp. Rotating tube. 
cas ft. eas ee ae es Ce : 6’ MIRROR CELL for 7’ tube ..... 8.35 ppd. Husky, vise-grip latitude adjustment is easy to set, stays 
check the figure afte the back is ground. DIAGONAL HOLDER for 114’ x 134” put. Rigid, high-strength aluminum construction, no 
It is better still to grind the back before x M% elliptical or rectangular rust. Parts machined to close tolerances for smooth, 
Se. ; i *. oD mirrors or 114’ prism. (Specify trouble-free operation. Designed for easy addition of 
polishing the front. In testing diagonals, diagonal and tube size) For 7” accessories. Extra-long bearings and large brakes for 
usually the surface is placed face down oo we *aaatgenneeese: 7.98 2 precise control. | Sturdy, cast-aluminum legs open to 
d 7 ‘ ubes up to iameter ... le sy tixed position, close easily for carrying. 
on a master flat. If a master is not avail- 1%” EYEPIECE HOLDER .......... 73a" ee 
Sexi : SETTING CIRCLES 1” to 2” bore. EQUATORIAL MOUNT Heavy-duty saddle, tube 
able, then three similar pieces of glass are (Specify shaft diameter) Per pair 12.75 “ ee ag —— rotating base, tripod ae tapered 
’ . . ae _ ae - | COMPLETE PARTS and _ instructions channe egs, and extra pier top are cast aluminum. 
tested together, and the figure on each | for building the 6” Chaedeadl, ae Axles are 114” ground and polished steel. Bearings 
is determined algebraically (see Making cept optical parts ............. 129.75 f.0.b. 2 — ba. ge pase ge ee poo 
z oa To), : . pi 6’ PYREX MIRROR f/8 1/10 wave, aluminum alloy adjusting nobs. rass thrust washers 
Your Own Teles ope, by Allyn 1c Thomp- parabolic, beryllium coated, with at ¥ friction points. Ra monggaco on lock a. base 
; Z ‘ 03). matching 1/10 wave, 1.25’’x 1.77” In groove in tripod top, release for easy transfer to 
son; P age l 3) 7 : : . dusanat TN i ah gslean ona 67.50 ppd. permanent pier. Latitude is adjustable 0° to 55°. Lati- 
One difficulty is viewing the fringes tude bolt, leg bolts, nuts, washers cadmium plated. 
: 2 se Add 3% sales tax on Ohio orders. Weight 23 Ibs. 


through the ground back. Wetting the 
surface does not help, as evaporation | SETTING CIRCLES 3” cast alumi- 
causes temperature changes that will alter num with machined faces. 1”-wide scales 
the Geaes. Wh wilted ald une are matte-white aluminum with large, 
1 higure. tany pro See shops nave legible figures and accurate black gradua- 
found that clear plastic, sprayed heavily tions. 1” to 2” bore. Specify shaft size. 
on the back of the diagonal and allowed 


6” MIRROR CELL Solid plate pro- 
to harden without being touched, dries in 


tects mirror. Ring housing reduces convec- 
. tion currents. Improved clips hold mirror 
a transparent surface through which the 


without pressure. Shockproof, cushioned 
adjustments prevent vibration, keep mirror 
in collimation. No springs. Cast aluminum, 
machined for 7” O.D. tube. 


constructing correcting lenses for Maksu- ” i 
nA : DIAGONAL HOLDER Fully adjust- 


tov telescopes to make the front aperture able, shockproof design. One turn moves 
oversize, to allow for a possible turned mirror position 0.050”. Three screw ad- 


edge during polishing. Later the extra justments give you perfect control of mir 
. y : ae ror angle, make collimating easy. Made 
diameter would be ground off. This is a for 1, x 134 elliptical or rectangular mir 
rors, or 114” prisms, tubes up to 10”. 
Specify mirror type, size, and tube I.D. 
when ordering. 

1%” EYEPIECE HOLDER Acme- 
threaded brass sleeve in accurately ma- 
chined, cast-aluminum housing gives you 
smooth, micrometer-sharp focusing. One 
turn moves eyepiece 0.125”. Stays where 


polishing begins, and to do any final | you set it. Only one moving part. 


shaping before figuring. 
R. E.C. CLEVELAND ASTRONOMICS BOX 209, CHAGRIN FALLS, OHIO 
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fringes can be checked. 
The idea has occurred to some amateurs 





dangerous procedure, as it may change 
the figures of the lens surfaces. 

When working any optical surface to a 
close tolerance, the best way to avoid the 
Iwyman effect is to do as much of the 





shaping as possible by grinding before 











OPTICAL FLATS 


Pitch Poiished, Beral Coated 
Rectangular shape 
13%,” x 1%” 
Vy wave $1.75 each 
\, wave $4.50 each 
Postpaid 


Elliptical shape 
Heavy edges to minimize 
temperature effects 
144” minor axis 
VY, wave $4.00 each 
\Yy wave $6.50 each 
Postpaid 


BERAL COATINGS 
istics as aluminum 
durable not over-coated 
without harming glass surface. 
Beral coating telescope mirrors: 
$3.50, 6”—$5.00, 8”—$6.50, 10” 
121,” $12.50 each, f.o.b. Skokie. 


LEROY M. E. CLAUSING 
8038 Monticello Ave. Skokie, Ill. 





character 
mote 


may be removed 


optical 
mechanically 


same 


Prices for 
i” diameter 
$8.50, and 











* 
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THE ASTRONOMER KIT 


A complete telescope mirror making kit. 
FOUCAULT TESTER, in its entirety, with 
source, knife-edge, measuring scale 
PYREX MIRROR BLANK 
NEW, NONVITREOUS TOOL, 
more accurate 


light 


faster, 


SEVEN ABRASIVES for greater safety and speed 


CERIUM OXIDE for fast, clean polishing 


SPECIAL OPTICAL PITCH to minimize danger of 


turned-down edge we 
MAGNIFYING LENS, essential in mirror grinding 
DETAILED, ILLUSTRATED INSTRUCTIONS, ‘Mirror 
Making in the Kitchen’’ 

(Starred items exclusive with The Astronomer Kit) 
NS OCLC ETO $15.00 ppd. 
44-inch. ..$11.50 ppd.; 
Foucault tester only... 


Money-back 


ASTRONOMY, inc. 


Suite 305, American National Bank Bldg. 
Denver 2, Colorado 


guaraniee. Write for catalogue. 


smoother, 











UNIVERSAL RACK-AND- 
PINION FOCUSERS 


For reflectors or refractors. 


Take standard 114”-diameter eyepieces. Spe 
cially designed base fits any tube 5” or more in 
diameter. Carefully machined aluminum and 
brass construction permits critical setting. 
Slotted extension tube holds eyepiece firmly 


and gives sufficient working distance for Bar- 
lows. 


$9.95 postpaid 


MIRROR 
CELLS 


Solid cast alumi 
num, fully adjust- 
able, painted, com- 
plete and ready to 





use. Shipped post- 
paid 
6” mirror cell for 7” or larger tube ~« $6.75 
6” a 9” . 8.95 
10” 1134” = . 15.95 
124,” 1444” . 20.95 


PYREX MIRROR-MAKING KITS 
With new velvet-finishing tools. 


$5.70 postpaid 


4,” diameter . 
6” a 9.50 postpaid 


8” 12.25 shipped collect 
10” 21.75 shipped collect 
1214” 41.25 shipped collect 


Kits include five abrasives with our special 
superfine finishing abrasive for superior fine 
grind, selected pitch, cerium oxide, pyrex 
mirror, and velvet-finishing tool (heat resist- 
ant, approximate hardness of pyrex). C.O.D.'s 
accepted 


Used telescopes, binoculars, microscopes, and 
optics bought, sold, or exchanged 


Write for free catalos 
NYE OPTICAL CO. 
»100 Cherry Ave., Long Beach 6, Calif. 
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A SIMPLE MOUNTING MADE 


Y MOUNTING required no ma- 

chine work or special materials, and 
needed welding at only a few points, yet 
has proved a substantial support for my 
6-inch reflector. All ef the parts can be 
obtained from a welding shop or a large 
salvage or iron-supply yard. 

Most of the components are made from 
thick-walled tubing. Standard  1-1/16” 
shafting was used for the axles, which 
run without bearings in 1-1/16”-inside- 
diameter pipe. Similar pipe forms the 
connection between the polar and decli- 
nation axles, and the cradle base. These 
were ground to fit and squared before 
being welded. Spacers between these sec- 
tions and the axle housings provide 
smooth movement. 

The cradle is another piece of tubing, 
lined with felt. It was first cut in half 
with a torch. Then four metal lugs were 
welded along the edges of the cut. The 
lugs were drilled and tapped for bolts 
and wing nuts, for tightening the cradle 
around the telescope tube. 

Two pieces of 4” pipe were used to 
make the latitude adjustment. From each 
a section was removed, parallel to the 
pipe length. One piece is welded to my 
polar-axle housing, the other to the base 
plate, with a reinforcing member on the 
north side. The two pieces fit together 
snugly. ‘wo 1” bolts pass through holes 
in the inner piece and slots in the out- 
side one, allowing a total movement of 
about 25 degrees. The base plate is bolted 
to the top of a Model-A Ford axle hous- 


The sturdy mounting by Robert V. 
James is well supported on concrete. 
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OF THICK-WALLED TUBING 


ing, which in turn is fastened to a cement 
block set in the ground. 

The counterweight is an old belt wheel 
bored to fit the shaft. A clutch was added 
at the end of the declination axle housing 
to prevent movement in this co-ordinate 
while tracking objects. Later improve- 
ments will include a clock drive and slow 
motions. 

This design can be used to mount 
larger instruments by making all of the 
sections of heavier materials, yet the cost 
should remain low. 

ROBERT V. JAMES 
5430 Jigger Dr. 
Sopuel, Calif. 





GUARANTEED FINEST .. . 
OR YOUR MONEY BACK 
New 1.25’ SKY-MICRO mount with 
exclusive MICRO-VERNIER action (fo- 
cus to 1/10,000’) @ 360° rack and 
pinion (generated) @ Safety stops 
on both tubes @ Removable con- 
toured base ring (specify tube diam., 
or if ‘’flat’’ base wanted) @ Adjust- 
able bronze bushings @ Phenolic 
drag @ Diagonal boss @ Beautiful 
black and grey finish @ All metal 
construction @ Hardware, instructions. 
ONLY $17.95 ppd. 
Spiral focus SPACEKING mount, 1.25”...$8.95 ppd. 
HEX-LAP MATS 

Custom designed for each size of 
mirror. Make perfect pitch laps in 
minutes. Save time and effort in 
polishing and figuring. 
4.25" or 6” 

8” or 10” 
2.9” 





Pat. Pend. 


safes alee 32-3 ppd. 
$4.00 ppd. 

G. M. LABORATORY 
(Dept. A) 1359 Romulus Drive, Glendale 5, Calif. 











BRANDON OCULARS 





These orthoscopic oculars are the 
choice of the amateur, as well as the pro- 


fessional astronomer. Seven sizes avail- 
able: 4-mm., 6-mm., 8-mm., 12-mm., 


16-mm., 24-mm., and 32-mm. focal 
lengths. Standard 114” outside diameter. 
$15.95 each 


Brandon Oculars may be purchased at — 
Cave Optical Co., 4137 E. Anaheim 
St., Long Beach 4, Calif. 


American Lens and Photo Co., 
Northwest Highway, Chicago 30, III. 

Optron Laboratory, Box 25, D.V. Sta- 
tion, Dayton 6, Ohio 

Adler Planetarium, 900 E. Achsah Bond 
Dr., Chicago 5, Ill. 

Polaris Telescopic Shop, 14319 Michi- 
gan Ave., Dearborn, Mich. 

or order direct. We will ship airmail. 


AVAILABLE SOON 


A complete 4” refractor telescope 
with all accessories. Write for 
details. 


LIBRASCOPE P. R. 


Guaynabo Puerto Rico 
Formerly BRANDON INSTRUMENTS 


5700 


























MOUNTED AIR-SPACED 
TELESCOPE OBJECTIVES 


3%" (clear) DIAMETER 


#/15—48” focal length { pee dag = 
4g" (clear) DIAMETER 
#/15—62” focal length pelagic ag wr 


BERL AIRSPACED OBJECTIVES era 





“THOSE WHO KNOW” BUY FROM US BECAUSE: 


Each lens is thoroughly tested and guaranteed to re- 


solve to Dawes’ limit. They are corrected for the C 
and F lines (secondary chromatic aberration). The 
zonal spherical aberration and the chromatic variation 
of spherical aberration are negligible. The cells are 
machined to close tolerances so that they fit directly 
over or into our standard aluminum tubing, elimi- 
nating any mounting problems. Test a lens, or have 
any qualified o, ae it; we are certain that you 
will be satis not, take advantage of our 
money-back pa We offer the lowest priced, 
hand -c¢ orrected, precision, American-made astronomical 
objective, mounted in an aluminum cell. Our repu- 
tation for high-quality lenses has established us as 
the most reliable source in the industry. 














NEW! 6” LENSES 


AIR-SPACED TELESCOPE OBJECTIVES 
6” (clear) DIAMETER 


Hard-coated on 4 surfaces 


{/10—60" focal length { MOURTED. ....... CERES 
1/15—90" focal length { MOUNTED. ..........SURSSS 





Mounted Eyepieces 


The buy of a lifetime at a great sav- 
ing. Perfect war-surplus lenses set in 





black-anodized standard aluminum 
4,” O.D. mounts. 

F.L. TYPE PRICE 
6mm. (14,”) Ramsden $ 4.75 
12.5 mm. “(Y, 5) Ramsden 4.50 
12.5 mm. (14”) Symmetrical 6.00 
16 mm. (54”) Erfle (wide- nner? 12.50 
16 mm. (5¢”) Triplet ...... : . 12.50 
18 mm. (34”) Symmetrical 6.00 
22 mm. (27 /32”) Kellner 6.00 
27 mm. (1-1 ‘all Kellner 4.50 
32 mm. (114” Orthoscopic 12.50 
35 mm. (1 an) Symmetrical 8.00 
55 mm. (2-3/16”) Kellner 6.00 
56 mm. (214”) Symmetrical 6.00 


COATED LENSES 75 cents extra. 


“Giant” Wide-Angle Eyepieces 


ERFLE EYEPIECE (65° field) 





contains 3 coated achromats. 114” 
E.F.L., clear aperture 214”. Has a 
focusing mount with diopter scale 
Will make an_ excellent 35-mm. 
Kodachrome viewer. Magnifies seven 
times ... $12.50 ppd. 





Same as above without diopter scale ...........-+ $9.95 
1144”-diam. Adapter for eyepiece above . $3.95 
WIDE-ANGLE ERFLE (68° field) 
EYEPIECE. Brand new; coated 114” 
E.F.L. Focusing mount. 3. perfect 
achromats, 1-13/16” aperture .... $13.50 
11%4”-diam. nendnll for eye- 
piece above ............ -\caatest ae 
WIDE-ANGLE ERFLE 11,” E.F.L. Brand new; 
contains Eastman Kodak’ S rare- ceitle eee: s<caees 
2”; focusing mounts; 65° field . $12.50 


11%4”-diam. Adapter for eyepiece above . $3.95 


An Economical Eyepiece 


This mounted eyepiece has two 
magnesium-fluoride coated lenses 29 
mm. in diameter. It is designed to 
give good eye relief. E.F.L., 114”. 
Cell fits 114” tube. 

Coated $5.90 ppd. Not coated $5.25 ppd. 


Rack- &- winion Eyepiece | Mounts 








For Refractors 


Here is a wonderful opportunity 
for you to own a most mechani- 
cally perfect Rack-&-Pinion Fo- 
cusing Eyepiece Mount with vari- 
able tension and adjustment. Will 
accommodate a standard 114” 
i The body casting is 





For Reflectors V, 


eyepiece, positive or negative. 1 
made of lightweight aluminum with black-crackle 
paint finish, focusing tube of chrome-plated brass. 


Focusing tube for refractors has a travel of 4”, for 
reflectors 2”, and will fit all size tubing. 


REI RAC rOR TYPE for 214” I.D. Tubing $12.95 ppd. 


‘for 3144” I.D. Tubing 12.95 ppd. 

for 434” I.D. Tubing 12.95 ppd. 

REFLECTOR TYPE (less diagonal holder) 8.50 ppd. 
DIAGONAL HOLDER .............. 1.00 ppd. 





@ FREE CATALOG @ 
MILLIONS”. of 
binoculars, 
Write today. 


lenses, prisms, eyepieces, 


mirrors, telescopes, parts and 


accessories. 








Astronomical Mirrors 


These mirrors are of the highest quality, polished to 
\4-wave accuracy. They are aluminized, and have a 
silicon- monoxide protective coating. You will be 
pleased with their performance. 


Diam. F.L. Postpaid 
Plate Glass 3-3/16” 42” $ 9.75 
Pyrex 44,” 4 
Pyrex oe 


Mirror Mount 


Cast aluminum. Holds all 
our mirrors firmly with metal 


clips. Completely adjustable. 

Assembled. 

3-3/16 Mount fits our 414” tubing ..$4.00 ppd. 
4%" Mount fits our 5” 


eA sciesecs 4.00 ppd. 
tubing ; 





6" Mount fits our 7” 


GIANT “3” 


HIGH-POWER SCOPE 
AMERICAN MADE 


40 POWER 
ALL oO 


LENSES ‘ aw 
COATED cy 







Big 3”-diameter, achromat- 
ic, coated objective will give 


you the brightest crystal- | 
clear images. Micrometer 
spiral focusing drawtube, 


lightweight aluminum con- 4 

struction throughout, tough {| 
black crackle finish. Length v 
open 22”, closed 1514”. Upright image. 
to perform flawlessly. 


TRIPOD FOR TELESCOPE ABOVE 

Sturdy, lightweight, all-metal, black crackle finished 
tripod. Ball-swivel joint allows easy directional ad- 
justments. Equipped with a standard 4 x 20 stud 
which will fit any photo tripod. Stands 11” ghieh. 
weight 114 Ibs. Comes with web straps. $8.95 ppd. 


” e e 
Special Coated Objective 
BIG 21 DIAM. — 40” F.L. — $6.00 
These achromatic objective lenses are tested and have 
the same high quality as ‘‘Big Lenses’’ described below, 
except they are seconds for slight edge chips or small 
scratches only. Quality guaranteed. ONLY $6.00 ppd. 


Guaranteed 


$57.50 ppd. 





Coated Binoculars 


Beautifully styled imported binoculars. Precision made. 
LOW, LOW PRICES! 





Type 
American type 
offers a superior one-piece frame and clean design. 


American Type “Zeiss” 


Complete with carrying case and straps. 


Size Field Type Center Ind. 
at 1,000 Focus Focus 
yards 
6x15 360 ft. Opera a $12.75 
6x30 395 ‘Zeiss’’ $18.75 16.75 
7x35 341 “Zeiss” 20.75 17.95 
7x35 341 American 23.50 _ 
7x35 578 W ide- Angle 11° 35.00 _ 
7x50 372 “Zeiss” 4.95 22.50 
7x50 372 American 32.50 _ 
8x30 393 ‘‘Zeiss’’ 21.00 18.25 
10x50 275 “Zeiss” 28.75 26.75 
20x50 183 “‘Zeiss”’ 33.75 31.75 


All prices above plus 10% Federal tax. 


CoA Monoculars 


Brand new, coated optics, complete 
with pigskin case and neck straps. 


Price Price 
6 x 30 $10.00 7x50 $14.75 
8 x 30 11.25 16 x 50 17.50 
7x35 12.50 20 x 50 20.00 


8-Power Elbow Telescope 


This M-17 telescope has a brilliant- 
image 48° apparent field — 325 feet 
at 1,000 yards. The telescope can be 
adjusted for focusing 15 feet to in- 
finity. It has a 2” objective, focusing e “* 
eyepiece 28-mm. focal length sie 
with an Amici erecting sys- - : ; 
tem. Turret-mounted filters: "ad o 
minate reticle for nighttime ’ Ons 50 
use. Truly the biggest bar- 

gain you were ever offered. Original Gov't. cost $200. 
Not coated $13.50 ppd. Coated $17.50 ppd. 





clear, red, amber, and neu- 
tral. Lamp housing to illu- 


“BIG” ACHROMATIC TELESCOPE OBJECTIVES 


We have the largest selection of diameters and focal lengths in the United States available for immediate 


delivery. 


crown and flint optical glass. Not mounted. 


These are perfect magnesium-fluoride coated and cemented Gov't. surplus lenses made of finest 
Fully corrected. 


Tremendous resolving power. 


@ We can supply ALUMINUM TUBING AND CELLS for the lenses below. @ 


Diameter Focal Length Each 
54 mm. (21%”) 254 mm. (10”) ~ $12. 50 
54 mm. (21%”) 300 mm. (11.8”) 12.50 
54 mm. (21%”) 330 mm. (13”) 12.50 
54 mm. (214”) 390 mm. (15.4”) 9.75 
54 mm. (21%”) 508 mm. (20”) 12.50 
54 mm. (214”) 600 mm. (2314”) 12.50 
54 mm. (214”) 762 mm. (30”) 12.50 
54 mm. (21%”) 1016 mm. (40”) 12.50 
54 mm. (24%”) 1270 mm. (50”) 12.50 
78 mm. (3-1/16”) 381 mm. (15”) 21.00 
80 mm. (31%”) 495 mm. (1914”) 28.00 
81 mm. (3-3/16”) 622 mm. (2444”) 22.50 


A. JAEGERS 


691 S Merrick Road 
LYNBROOK, -N. Y. 





January, 1960, 





Diameter Focal Length Each 
83 mm. (314 ") 660 mm. (26”) . $28.00 
83 mm. (314”) 711 mm. (28”) 28.00 
83 mm. (314”) 762 mm. (30”) 28.00 
83 mm. (314”) 876 mm. (3414”) 28.00 
83 mm. (314”) 1016 mm. (40”) 30.00 
102 mm. (4”) 876 mm. (3414”) 60.00 
108 mm. (414”) 914 mm. (36”) 60.00 
110 mm. (43%”) 1069 mm. (42-1/16”) 60,00 
110 mm. (4%%”) 1069 mm. (42-1/16”) 67,00 
128 mm. (5-1/16”) * 628 mm. (244%4”) 75.00 
128 mm. (5-1/16”) 628 mm. (243%4” 85.00 
*Not coated 
We pay the POSTAGE in U.S. C.O.D.’s 


you pay postage. Satisfaction guaranteed 
or money refunded if merchandise is re- 


turned within 30 days. 
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MINIMA OF ALGOL 
The Algol minimum of October 20, 
1959, was observed photoelectrically by 
kK. C. Chou, of Flower and Cook Observa- 
tory, University of Pennsylvania. The 
average of the times of minimum that he 
determined in three colors independently 


Julian day 2,436,861.7519  (heliocen- 
tric). This is only one minute earlier 
than the corresponding prediction in 
SKY AND ‘TELESCOPE. 


January 2, 19:10; 5, 16:00; 8, 12:49) 11, 
9:38: 14, 6:28; 17, 3:17; 20, 0:06; 22, 
20:56; 25, 17:45; 28, 14:34; 31, 11:23. 

3, Bi12;-6, 5:02; 9, 1:51. 

These minima predictions for Algol are based on 
the formula in the 1953 International Supple ment of 
the Krakow Observatory. The times given are geo- 
centric; they can be compared directly with observed 
times of least brightness. 


February 


JANUARY METEORS 
The Quadrantid meteor shower comes 
to a sharp peak early on the night of 
Conditions should be fairly 
favorable, moon is a Waxing cres- 
cent at this time. Up to 40 meteors per 


hour may be seen, radiating from northern 
W. H.G. 


January 3-4. 
as the 


Bootes. 





SKY -GAZERS EXCHANGE 


Classified advertising costs 30 cents a word, including 
minimum charge, $4.00 per ad. Only one 
ad per issue for each advertiser. Remittance 
Insertion is guaranteed only 
20th of the second month 
before publication; otherwise, insertion will be made 
in next issue. We cannot acknowledge classified ad 
orders. Sky Publishing Corporation assumes no re- 
sponsibility for statements made in classified ads, nor 
for the quality of merchandise advertised. Write Ad 
Dept.. Sky and Telescope, WHarvard Observatory, 
Cambridge 38, Mass. 


address: 
for sale 
must accompany order. 
on copy received by the 


10” CAVE de luxe Astrola, f/6, with clock drive, 
brass circles, equatorial mount, rotating tube, two 
eyepieces, wide-angle finder, car converter, solar 
and Unitron cameras with filters, mirror cleaner, 
instructions. Best offer, preferably over $475.00. 
Roger A. Skinner, 7325 W. 93rd Place, Los Angeles 
15, Calif 


Pyrex mirrors, 1/8-wave parabolic, 8” 


HERE AGAIN 
Quality Optics, Walbridge, Ohio. 


f/7, only $50.00 
TUBING: 17 sizes, 1” through 8”. 
Ann Arbor, Mich 


ALUMINUM 
Pesco-A, Box 363, 


164-PAGE photographic bargain catalogue, listing 
thousands of photographic bargains. Send 25¢ for 
your copy, credited on first order. Dept. 26-C1, 
Central Camera Co., 230 8. Wabash Ave., Chicago 
i, Ill 


{ paraboloidal mirror, 1/10-wave 
$65.00. J. Eyer, 1606 N. 52 
i 


FOR SALE: 8” f 
accuracy, aluminized 
wt... Philadel; vhia 31, P 

WHILE SUPPLY lasts: 2.4” altazimuth refractors 
with three eyepieces in revolving turret, 51)’ wood 

metal tripod, achromatic objective, coated optics, 

rack-and-pinion focusing, and other quality features. 

Now on special sale tor $49.50 postpaid. Uncon 

ditionally guaranteed. Vernonscope and Co., Can 


dor, N. Y 


f/8.5 telescope mirror, $50.00. 
Stillwater, Minn. 


FOR SALE: Superb 6” 
Merle Welander, Rte. 3, 


INTERESTED in astronomy as a career? Vocational 
and Professional Monographs: Astronomy, by Dr. 
Freeman D. Miller, describes personal qualifications, 
scholastic training, and job opportunities. $1.00 
postpaid. Send to Box B, Sky and Telescope, Har- 
vard Observatory, Cambridge 38, Mass. 


FOR SALE: 10” Astrola, Skyscope, 3” refractor, mis- 
cellaneous accessories. Ronald Bales, 6030 Lake 
Labish Rd. N.E., Salem, Ore 


FIBERGLASS telescope tubes. You know they are 

best. W. Parks, 20942 S. LaSalle, Torrance, Calif. 
FOR SALE: ' Smysor, 
Jr., 1709 Goshen Pike, 


Various eyepieces, etc. Write W. 
Milford, Ohio. 
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CELESTIAL 


CALENDAR 


Universal time (UT) is used unless otherwise noted. 


OCCULTATIONS IN JANUARY 
LDEBARAN will be occulted by the 


moon on the morning of January 
10th, but only for observers in the north 
central and northwestern states and west- 
ern Canada. Nevertheless, observers else- 
where who watch the gibbous moon and 
the Ist-magnitude star that night will 
see them close together in the sky, and 
the moon’s motion past the star will be 
very noticeable. This is the first of seven 
occultations of Aldebaran in 1960 for ob- 
servers in North America. 

Details of this occultation and of others 
were published last month in the Occulta- 
tion Supplement, which should be con- 
sulted for data for predictions at places 
other than the standard stations. 

At station F, in Illinois, the emersion 
of Aldebaran will take place at 3:45 a.m. 
Central standard position 
angle of 139°, 
limb eastward from the north point. 

At Denver, Colorado, station H, Al- 
debaran will disappear behind the moon’s 
dark limb at 2:57 a.m. MST, 165°, and 
reappear 15 minutes later at 194°. Places 
somewhat south of that station will see 
While the star is 
near the moon, their color contrast should 


time, at a 
measured on the moon's 


a grazing occultation. 


be striking. 

The most favorable occultation predic- 
given are for J and M, 
Fdmonton and Vancouver, in’ western 
Canada, with the occultation beginning 
near 1:15 a.m. PST and lasting about an 
hour. 


tions stations 


MINOR PLANET PREDICTIONS 

Bellona, 28, 10.8. December 28, 7:23.1 
+11-47. January 7, 7:14.3 4-12-32; 17, 
7:05.2 +13-30; 27, 6:57.1 +-14-33. Febru- 
ary 6, 6:51.1 4+15-34. Opposition on Janu- 
ary 8. 

Hygiea, 10, 10.7. January 17, 9:58.1 
+9-11; 27, ere +9-29. February 6, 
9:44.7 +9-55; 16, 9:36.7 + 10-27; 26, 9:28.8 
+11-00. aoe 7, 9:21.7° +11-30.  Op- 
position on February 12. 


After the asteroid’s name are its number and the 
photographic magnitude expected at opposition. At 
10- day intervals are given its right ascension and dec- 
lination (1950.0) for 0% Universal time. In each 
case the motion of the asteroid is retrograde. Data 
are supplied by the IAU Minor Planet Center at the 
University of Cincinnati Observatory. 


MOON PHASES AND DISTANCE 

January 5, 18:53 
January 13, 23:51 
January 21, 15:01 


First quarter 
Full moon 
Last quarter 


New moon January 28, 6:16 
First quarter February 4, 14:27 
January Distance Diameter 


252,300 mi. 
294,800 mi. 


29" 26” 


$35°402” 


\pogee 10, 13" 
Perigee 26, 10" 
February 
99’ 30” 


\pogee 7, 6" 251,800 mi. 
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DAYS FROM MAXIMUM 
This mean light curve for R Hydrae 
was compiled by the late Leon Camp- 
bell from brightness estimates made by 
members of the American Association 
of Variable Star Observers. Adapted 
from “Studies of Long Period Varia- 

bles,” published by the AAVSO. 


R HYDRAE 

OME clear January morning, during 

the pre-dawn hours, look low in the 
southeast, below Spica and to the east of 
Corvus, to find Gamma Hydrae, in the 
tail of the Sea Serpent. This 3.3-magni- 
tude star will be seen — preferably in 
binoculars — to be flanked by two others, 
Psi Hydrae (magnitude 5.1) to the right, 
and red R Hydrae to the left. 

This last, a famous variable star, will 
be at maximum light about the end of 
January, and probably about a match for 
Psi. Its brightness changes were first noted 
by the Italian astronomer Montanari just 
about three hundred years ago. 

When fairly regular observations began, 
early in the 17th century, the period of 
R Hydrae was about 500 days, but there 
has been a steady shortening until the 
value listed in the latest variable sta 
catalogue is only 386.2 days. This remark- 
able alteration is practically unique 
among variables, R Aquilae alone show- 
ing a similar but smaller effect. 

In a telescope of fair size, look for the 
12}-magnitude companion 22” south of 
R, a difficult object when the variable is 
at maximum. 


VARIABLE STAR MAXIMA 

January 2, R Trianguli, 023133, 6.2; 
», S Sculptoris, 001032, 6.8; 8, R Virginis, 
123307, 6.9; 12, T Ursae Majoris, 123160, 
7.7; 14, R Canis Minoris, 070310, 8.0; 14, 
V Cancri, 081617, 7.9; 25, S Ursae Majoris, 
123961, 7.8; 26, V Cassiopeiae, 230759, 7.9; 
29, R Aquarii, 233815, 6.5; 30, R Hydrae, 
132422, 4.5; 31, RV Sagittarii, 182133, 7.8. 

February 5, U Ceti, 022813, 7.5; 7, R 
Reticuli, 043263, 7.6; 7, RT Cygni, 194048, 
7.3; 8, S Gruis, 221948, 7.7; 9, R An- 
dromedae, 001838, 

These predictions of variable star maxima are by 
the AAVSO. Only stars are included whose mean 
maximum magnitudes are brighter than magnitude 
8.0. Some, but not all of them, are nearly as bright 
as maximum two or three weeks before and after the 
dates for maximum. The data given include, in 
order, the day of the month near which the maximum 
should occur, the star name, the star designation 
number, which gives the rough right ascension (first 


four figures) and declination (bold face if southern 
and the predicted magnitude. 


a 





— eee 


Deneb® 
ba 
e 
CYGNUS 


ENeveliar.\ 


P Altair 

i meLer oe) 
QUARIUS _ 
2 CAPRICORNUS 


Fomalhaut 


| 
| 
| 
| 


Regulus 


e 
Procyon 


CANIS MAJOR 





THE SUN, MOON, AND PLANETS THIS MONTH 


The sun, on the ecliptic, is shown for the beginning and end of the month. 

The moon’s symbols give its phase roughly, with the date marked alongside. 

Each planet is located for the middle of the month or for other dates shown. 
All positions are for 0" Universal time on the respective dates. 


Mercury is too near the sun in the sky 
this month to be generally seen, superior 
conjunction occurring on January 26th. 

Venus rises nearly three hours before 
the sun in midmonth, being in southern 
Ophiuchus. Brilliant at magnitude —3.5, 
it can be easily found in the southeastern 
sky during morning twilight. The disk is 
14”.7 in diameter and 76.1-per-cent il- 
luminated. Venus will be in conjunction 
with Jupiter on the morning of January 
21st, being about a degree north at 11° 
Universal time. ‘The moon will be near 
both of these planets on the morning of 
the 25th. 

Mars is a 2nd-magnitude object in 
Sagittarius, rising only 1} hours before 
the sun and not easy to observe in the 
morning twilight. 

Jupiter is a bright object, low in the 
southeast before dawn; on January 15th 
its magnitude is —1.4 and it is in south- 
ern Ophiuchus, rising about two hours 
before sunup. A telescope will show its 
slightly flattened disk, 30.0 in polar 
diameter, 32”.2 in equatorial. On the 
morning of January 2Ist this giant planet 
is in conjunction with Venus. On the 
morning of the 25th the moon will pass 
about 5° north of Jupiter. 

Saturn is too close to the sun to be seen 
during the first part of the month, but by 
the end of January it may be possible to 
find it with binoculars low in the south- 
east, where it will rise about 14 hours 
before the sun. At this time the ringed 
planet is of magnitude +0.8. Mars will 
pass 1°.2 south of Saturn on the 3lst, 


UNIVERSAL TIME (UT) 


TIMES used in Celestial Calendar are Greenwich 
civil or Universal time, unless otherwise noted. This 
is 24-hour time, from midnight to midnight; times 
greater than 12:00 are p.m. Subtract the following 
hours to convert to standard times in the United 
States: EST, 5; CST, 6; MST, 7; PST, 8. If neces- 
sary, add 24 hours to the UT before subtracting, in 
which case the result is your standard time on the 
day preceding the Greenwich date shown. For ex- 
ample, 6:15 UT on the 15th of the month corresponds 
to 1:15 a.m. EST on the 15th, and to 10:15 p.m. 
PST on the 14th. 


with conjunction occurring at 11" UT. 

Uranus is in Leo and well placed for 
viewing, as it rises about two hours after 
sunset. Being of the 6th magnitude, it 
is easily visible in field glasses. On the 
15th the planet will be located at right 
ascension 9° 30™.3, declination +15° 33’ 
(1950 co-ordinates). The daily motion is 
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—0".15 in right ascension and +0%.7 in 
declination. 

Neptune is an 8th-magnitude planet in 
western Libra, at 14" 28™".0, —12° 46’ 
(1950) on the 15th. It may be seen in 
the southeastern sky in the early morning, 
and it transits just before sunrise. 

Pluto is a 15th-magnitude object in 
Leo, and may be seen in large amateur 
telescopes. On the 15th it is located at 
10" 49".6, +21° 04’ (1950), more than 
10° from the ecliptic. There are no bright 
stars nearby. Opposition will occur on 


February 24th. W. H.G. 
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The path of Uranus among the stars of Cancer and Leo is shown above; that 
for Neptune among the stars in Virgo and Libra, below. In each case the field 
is inverted, with south at the top. (The insets have north at the top.) The 
scales of the two charts are not the same. From the 1960 “Handbook” of the 
British Astronomical Association, courtesy J. G. Porter, editor. 
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visitors to the Fair, including specialists 


Goto Optical Mfg. Co., Japan’s foremost maker of 
astronomical telescopes, is proud to present its revolu- 
tionary medium-size planetarium. 


FEATURES: 


1. Projects the entire celestial sohere and can show 
the heavens above any point in the world. There- 
fore, the starry sky over various places south of 
the equator, particularly the Antarctic, can be pro- 
jected to the very last detail. 

2. Projection of the apparent motions of the moon, 





Established in 1926, Japan's 
sldest and largest firm specializ- 
ing in astronomical telescopes. 








—. ae. 





The Goto Planetarium Hall at the 1959 Tokyo International Trade Fair. 


Goto’s Model M-1 has been acclaimed by many ‘ LANE F ARIUM 


sun, and five planets is provided. The peculiarities 
of the motion of each body can be shown. 
Precession phenomena can be demonstrated. 
Automatic explanations can be given with tape 
recordings. 

Music and imitation sounds can be produced by a 
record player. 

Remote operation from the control desk is possible. 
By using auxiliary projection apparatus various 
types of celestial phenomena may be demon- 
strated. 


Catalogues will be sent upon request. 


GOTO OPTICAL MFG. CO.  catic rsdn. 


« 13S Shimmachi, Setagaya-ku, 


GOTOPTIC TOKYO 


Tokyo, Japan 
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STARS FOR JANUARY 


The sky as seen from latitudes 30° to 
50° north, at 9 p.m. and 8 p.m., local 
time, on the 6th and 22nd of January, 
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respectively; also at 7 p.m. and 6 p.m. on 

February 6th and 21st. For other dates, 

add or subtract } hour per week. 
Below Orion is Lepus the Hare, a 


large but dim constellation, of which the 
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© 
chart shows four stars of the 3rd mag- 
nitude, four of the 4th. Farther south, 
Alpha and Beta in Columba the Dove are 
easy to find, but west of them Caeltum the 
Graving Tool is difficult. 
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You'll find these 
fully professional features 
in every Custom DYNASCOPE®! 


@ Exquisite optical systems, fully 
achromatic and corrected to meet the 
most critical research standards. 


@ Massive equatorial mounts that 
provide exceptional stability and em- 
body the latest mechanical refine- 
ments for ease of operation. 


@ Full sets of matched orthoscopic 
and achromatic eyepieces with wide 
flat fields sharp to extreme edges. 


@ Needle bearings carefully fitted on 
substantial shafts to assure move- 
ments so fine that they equal the ease 
and precision of a fine watch. 


@ Lifetime materials throughout, for 
atmospheric resistance and dimen- 
sional stability. 


@ Fully rotating tubes, with counter- 
poise to provide perfect balance dur- 
ing rotation. 


@ Rotary secondary supports to min- 
imize diffraction. 


@ Exclusive Dyna-mesh rack and 
pinion focus for smoother, more ac- 
curate focusing action. 


@ Two-way pier tripods (Pat. Pend- 
ing) in 6-inch and 8-inch models, 45- 
pound pier can be mounted perma- 
nently. Portable tripod is instantly 
removable for field trips. 


@ Highly accurate electric drives, 
free from backlash, with fully com- 
pensating clutch. 


@ 8x50 coated achromatic finder- 
scopes with crosshairs and extra- 
large 6° fields. 

@ 7”-diameter setting circles spoked 
for easy setting. Graduated with ver- 
niers. 


@ Fully adjustable to all latitudes. 
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in your choice of 
6”-8”-10”-12”-16” models 


Every Custom DYNASCOPE -— from 6” to 16” — is designed and 
built to meet such high standards and exacting specifications that it 
is the overwhelming choice of schools, colleges, universities, and 
many well-known professional astronomers. Each of these magnif- 
icent instruments incorporates features that are years ahead in 
optical engineering, yet based on time-tested principles. Each is 
painstakingly produced and assembled by craftsmen who put careful 
workmanship before speed. Each is required to pass, flawlessly, a 
long series of rigid performance and operational tests. Nothing is 
overlooked to make sure that these superb telescopes are the finest 
in their class, regardless of price. Whichever size you select, we 
guarantee that it must measure up to this standard or your purchase 
price will be refunded in full. You can order with absolute confi- 
dence ... and with the exciting expectation of new thrills and new 
experience ahead. 

Ask About Our “Easy-To-Own”’ Payment Plan 


YOURS FREE: This Colorful Brochure 
Before you decide on any telescope, send today for this 
fascinating new booklet that gives you the full specifica- 
tions and prices of all Custom DYNASCOPES, plus helpful 
information to guide you in selecting your next telescope. 
A postcard will bring your copy FREE! 
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6-INCH STANDARD D¥YNASCOPE ° 


$265 complete 


As Above But Without Electric Clock 
Drive, Setting Circles and Pier 
f.o.b. Hartford, Shipping Wt. 80 Ibs. 


6-INCH DELUXE DYNASCOPE® 





has removable tripod inside 


DYNASCOPES 


$475 complete 1.0.b. Hartford, shipping Wt. 150 Ibs. 





CRITERION Manufacturing Co. - MANUFACTURERS OF QUALITY OPTICAL INSTRUMENTS 


Dept. D-33, 331 Church St., Hartford 1, Connecticut 


©Copyright 1959 Criterion Mfg. Co. 
2\555500050550050006000000506000000000600000000606000000000000000000006 


Sky AND TELESCOPE, January, 1960 


®TM Registered U.S. Pat. Office 
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Where ideas and designing take Ahape.... 
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PRODUCING for Today 


The arrival of the new space age makes it urgently necessary to 
expand available astronomical facilities to include observatories 
for students on the high school level...future astronauts are 
now being taught in our public schools and adequate astronomical 
equipment is a prime requirement. Write now and we will aid 


you in selecting equipment for your installation. 
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Pe) Lat MANUFACTURERS OF ASTRONOMICAL OBSERVATORY DOMES 
; 1801 BROWNLEE AVE. N. E. CANTON 5, OHIO Phone GL. 4-2755 





PRINTED BY WELLESLEY PRESS. INC. 





UNITRON 1960/ Only Unitron offers you 
your choice of 18 superb instruments 
for a lifetime of viewing pleasure... 


Background eclipse photographed at Manila, P.!., by H. Arber with 4’’ Unitron. 4 


2” SATELLITE — 6x, diagonal eyepiece, altazimuth mount with circles, stand $75 

1.6” ALTAZIMUTH — with eyepieces for 78x, 56x, 39x $75 

2.4” ALTAZIMUTH with eyepieces for 100x, 72x, 50x, 35x $125 

2.4” EQUATORIAL — with eyepieces for 129x, 100x, 72x, 50x, 35x $225 

3” ALTAZIMUTH with eyepieces for 171x, 131x, 96x, 67x, 48x $265 

3” EQUATORIAL — with eyepieces for 200x, 131x, 96x, 67x, 48x $435 

3” PHOTO-EQUATORIAL — with eyepieces for 200x, 171x, 131x, 96x, 67x, 48x $550 

4” ALTAZIMUTH with eyepieces for 250x, 214x, 167x, 120x, 83x, 60x $465 

4” EQUATORIAL — with eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x $785 

4” PHOTO-EQUATORIAL — with eyepieces for 250x, 214x, 167x, 120x, 83x, 60x, 38x $890 

4” EQUATORIAL — with clock drive, Model 160V, eyepieces as above $985 

4” EQUATORIAL — with clock drive and metal pier, Model 166V, eyepieces as above $1075 

4” PHOTO-EQUATORIAL — with clock drive and Astro-camera, with eyepieces for 250x, 214x, 167x. 120x, 83x, 60x, 38x, 25x $1175 

4” PHOTO-EQUATORIAL — with clock drive, pier, Astro-camera, eyepieces for 375x, 300x, 250x, 214x, 167x, 120x, 83x, 60x, 38x, 25x $1280 
5” PHOTO-EQUATORIAL — with clock drive, tripod or pier, viewfinder, Astro-camera Model 220, with eyepieces 

for 500x, 400x, 333x, 286x, 222x, 160x, 111x, 80x, 50x, 33x $2275 (with tripod) 

6” EQUATORIAL — with clock drive, pier, 2.4” view finder, with eyepieces for 625x, 500x, 416x, 357x, 277x, 

200x, 138x, 100x, 62x, 42x $5125 

6” PHOTO-EQUATORIAL — as above but with 4” guide telescope, illuminated diagonal, Unibalance, Astro-camera Model 330 $5660 
6” PHOTO-EQUATORIAL — as above with addition of 3” Astrographic Camera Model 80 $6075 


SEE PAGES 182 AND 183 FOR MORE ABOUT UNITRON 


A word to the budget minded: Unitron’s 
popular Easy Payment Plan is the con 
venient and economical way to buy one 
of these superb refractors when you 
don’t want to disturb savings, or when 
you don't have the total cost of the in- 
strument immediately availiable. Ask us 
about it. And be sure to get your free 
copy of Unitron’s Catalog and Observer's 
Guide — must reading for any prospec- 
tive telescope buyer. 


UNITRON 


INSTRUMENT DIVISION OF UNITED SCIENTIFIC CO. 
204-206 MILK STREET, BOSTON 9, MASS 








